outstanding \ 
performance \ 


<i the Production Front 


\\ 


The Army-Navy “E” flag, signifying excep- 
tional performance in the production of war 
materials, now flies over two of the Chicago 
Bridge & Iron Company's shipyards. Over 
11,000 of our employees are privileged to 
wear the “E” pin in tribute to their war pro- 
duction efforts, 


T’S been said that this is the age of produc- 
l tion miracles. But is it? To those who really 
know American industry, today’s staggering 
production figures cause no surprise. 


The foundations -for these so-called pro- 
duction miracles were laid years and genera- 
tions before Pearl Harbor. The needs of war 
have brought to light the vast amount of “know 
how” that industry has accumulated through 
years of research and experimentation. This 
knowledge of how to accomplish things fast 


and well, is enabling our nation to mete out 
the potent weapons of war at a rate that augurs 
disaster for our enemies. 


The Chicago Bridge & Iron Company is 
proud to serve the war effort both directly and 
indirectly. In addition to the increasing num- 
ber of ships and floating dry docks being 
launched from our yards, our plants are 
designing and _ fabricating MHortonspheres, 
Hortonspheroids, tanks 
and pressure vessels of all 
descriptions for the petro- 
leum industry, the syn- 
thetic rubber program 
and other vital phases 
of our country’s vast 
war production. 
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(All in all, Arcos makes 36 grades 
of stainless and alloy electrodes) 





,—_— stainless and alloy electrodes are now being 
produced in two Arcos plants. The Paschall Plant, reeently put in 
partial operation, is already speeding the production of electrodes, 


and the near future will bring a greatly increased Arcos capacity. 
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The ROTAMETER 


‘has these advantages over head-type meters 


for flow rate measurement and control 












































8 BASIC ADVANTAGES q 
URING the last two years a definite reversal of trend in the 
1. Motering elements and fluid being y 
metered clearly visible development of meters for rate of flow measurement has 
become noticeable in industry. The area-type flow meter, in 
2. Wide flow rango—20-to-1 easily oy yp _ 
obtained the form of the rotameter sight flow meter, has steadily and 
surely elbowed its way to the front. Already it has completel — 
3. Evenly spaced scale divisions — 7 y y aeind — 
ne compression of scale at low flows y replaced the head-type meters (orifices, flow nozzles, venturis, 
irs, capillari i n lications and the 
J kon re Y weirs, capillaries) for many importa t applicat t 
4 reduces pumping costs process of replacement is still going on. 

i as la 

5. New paige retemeter com- The inherent theoretical advan- larges as the float rises in the tapered for | 

f peasates viscosity and density tages of the area-type flow meter tube with flow increase. Thus the trust 

4 Variations have always been recognized, and rotameter may be used where low r 

\ . . *.* . 

. ” travel of meteria equally obvious were the several initial pressures only are available, 

t capes omen om limitations of the head-type meter. and at all times the rotameter re- 

ys Yet for a long time the area-type duces the pressure required to pump Pov 

1. Instantaneous response to flow meter was mainly a curiosity, used fluids through the lines. In remote OF | 
bee change—ne friction or hysterisis only for unusually difficult applica- recording and controlling rota- 

t tions. Not until Fischer & Porter meters, another outstanding advan- 

r 6. Measures corresive gases, liquids Company in 1937 announced the tage is the ability to visually check 

te and slurries that ne other meter will availability of precision-bore, inter- the readings of the primary instru- abse 

= changeable transparent metering ment against the readings of the Ju 

tubes for rotameter sight flow meters, secondary instrument while in 

: did the area meter start to progress. operation. fact 
. In Toricelli’s equation Q = CAVIgh, Possibly you have used the rota- all tl 

4 the area-type meter (rotameter) meter sparingly, or not at all, be- that 
obtains measurement by varyingthe  ©@use you have not realized its basic quan 

value of “A” (area of flow passage) worth. The further one delves into ‘ 
whereas head meters vary the value the details of the rotameter function- catio 
of “h” (head producing flow). Thus ing, the more advantages come to situa 
I the rotameter “gets out from under light. Modern instrumentation 1s of th 

; the square-root sign,” which results characterized by an acknowledg- ‘ 
in a linear calibration scale instead ment of these advantages through Si 
of a square root scale crowded at the the increasing use of the rotameter acce] 

. lower end. The range of flows which _ for flow rate measurement and con- 

can be accurately metered with the trol. Our bulletin #10-A entitled “A natu 
rotameter is thereby tremendously New Trend in Flow Rate Measure- less | 

\ increased. ment” describes the rotameter clear- : 

' Fr satbility i ly and concisely. It contains free, this 
urthermore, yo visibility in the valuable information — why not exces 
i, rotameter of the fluid oe aa write for it? We will gladly send it to a 
' and of the metering e ements elimi- you without any obligation what- ons’ 

nates errors due to fouling or corro- ssaeee. each 
sion. Likewise, the pressure drop 
through the rotameter is low and FISCHER & PORTER CO. Th 
: — de! IT Ln constant because the flow area en- 197 County Line Road, Hatboro, Pa. depo 
ber, : 
may 
Scien 
ys whic 

4 Or 
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(Q; ALL human deficiencies, none is so stifling 
as lack of faith. This embraces more than religion, 
for loss of confidence, doubt of natural laws or dis- 
trust of the imagination are all attitudes that 
amount to poverty of spirit. Lack 
of confidence is more damaging than 
lack of material things. Confidence 
will stimulate until ingenuity and 
invention can find a solution for 
absence of materials. 

Just now, led by the chorus in Washington, the 
fact of a depleting oil supply is being shouted in 
all the keys of pessimism. Statistics are convincing 
that over a period oil has been consumed in greater 
quantities than it has been found, and every indi- 
cation is that this will continue. This is a serious 
situation. More serious, however, is the acceptance 
of this situation as assurance of disaster. 

Since there is no proof to the contrary, it is 
accepted that oil no longer is being created by 
nature. If true, the supply of oil has been growing 
less from the day the first drop was burned. Over 
this span there have been periods when discovery 
exceeded consumption, followed by periods when 
consumption exceeded supply. Strangely enough 
each has been accepted as calamity. 

There may be no more, one more or a dozen oil 
deposits such as East Texas. Whatever the num- 
ber, no man can change it. Men of vision, however, 
may do something about the fact that as yet 
science has found no instrument or method by 
which a structure like East Texas can be outlined. 

Only the poor in spirit accept a diminishing oil 
supply as defeat. What it amounts to is a challenge. 
Science needs new tools, products of imagination, 
fésearch and development. 


Poverty 
Of Spirit 
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For all the praise showered on refining tech- 
nology and automotive engineering, their accom- 
plishment in the internal-combustion engine is 
little short of economic crime. Less than a tenth 
of the energy released from a gallon of gasoline 
can be translated into road travel. More than 70 
percent of the heat set up has to be dissipated in 
keeping the motor cool enough to operate. . 


It may or may not be true that oil consumption 
will continue to surpass oil discovery as measured 
by present standards. What men of vision can do 
is to so change the recovery of energy that a gallon 
of gasoline will do more useful work. Something 
can be done about that, but it will not be done by 
men who are looking backward. 


Exhaustion of oil is not exhaustion of energy. 
Fortunately there is no evidence to support the 
fear of energy exhaustion. There are indications of 
the exhaustion of forms in which nature has stored 
energy, as in oil or coal. However serious this 
prospect, it does not compare with an attitude 
whereby men lose the courage to seek new storage 
reservoirs of energy or more efficient uses of en- 
ergy already at hand. That is truly poverty of 
spirit. 


\\ HEN a process such as hydrogen fluoride alkyl- 
ation finally becomes commercial there is an inclina- 
tion to look upon the development as having been 
compressed within the few months that preceded 
completion of the first plant. Along with 
the scientific information from the two 
articles by Professor J. H. Simon, “Hy- 
drogen Fluoride— The Catalyst,” it is 
worthwhile to recognize that the subject 


For the 
Record 











had a long and consistent laboratory record prior to 
commercial development. 

Bibliography of the two articles, the last being in 
this issue of PETroLEUM REFINER, included 48 refer- 
ences. Certainly laboratories, especially the one at 
The Pennsylvania State College, was busy on hydro- 
gen fluoride long before commercial success. In pay- 
ing tribute to the petroleum industry, other laborato- 
ries and the equipment industry, Professor Simon 
makes this plea, which should have consideration: 

“Encouragement and support for the work from 
these industries would be both welcome and appre- 
ciated.” 


Ms too often it seems that the good old American 
privilege of going on strike is interpreted as an obli- 
gation to quit the job for minor causes. The refining 
industry had such an instance in June. Two men 
became involved in an _aitercation. 
One was dismissed. The plant was 
shut down for two days. 

Wherever men work there will be 
differences and the result will be dis- 
missals. That has been going on since industry 
brought men together for cooperative effort. Only 
recently, however, has the complete group accepted 
such events as a personal altercation as grounds for 
a strike. 


Men should realize that the strike weapon will 
retain its edge far longer if it is little used. 


Right and 
Obligation 


a military authorities prefer in- 
adequate gasoline supply over inaccurate estimate 
of demand. At least the petroleum industry still 
has no official word as to the demand for aviation 
motor fuel in months to come. Supplying 
an unknown demand is something of a 
handicap. 

So far good luck may have played a 
favorable role. At any rate Robert P. 
Patterson, Under Secretary of War, says this fuel 
has not been lacking for combat purposes, although 
not sufficient for some training duties. 


Still 
Silent 


Failure of the military to estimate its gasoline 
demands came to light when there was a discussion 
between William M. Jeffers and Under Secretary 
Patterson with butadiene units and aviation-gaso- 
line units held up as vieing for prominence. Har- 
old L. Ickes told Congressional committees that 
he never had been able to get estimates from the 
Army and the Navy. 

It may be that such estimates are impossible. 
If so, military authorities should admit the fact. 
As it is the petroleum industry is preplexed. It 
could do a better job of supply if requirements 
were known. 





isk it is difficult to comprehend the 
prospect of both a natural rubber and a synthetic 
rubber existing at one and the same time. Ques- 
tions written to PETROLEUM REFINER betray this 
failure to estimate what is in 
prospect. The questions make 
up this composite: 

“If natural rubber can be 
produced for as little as 5 cents 
a pound, how can synthetic rubber compete at 15 
cents a pound?” 


The One and 
The Other 


One answer to that is the difference in quality 
of the synthetic product. Because of superior 
qualities, synthetic rubber already has replaced 
perhaps 30 percent of the former use for natural 
rubber. Unless some means can be found for mak- 
ing the natural product immune to oxidation, the 
synthetic product will serve for the future insula- 
tion of all electrical wiring. There are countless 
instances of this superiority. 

Again the synthetic product will gain a place 
where other materials now serve. Piping for home 
water and gas systems in the future will be of 
elastic material rather than metal. Even the wall 
coverings may well be of rubber with color perma- 
nently established. There are so many possible 


adaptations for rubber with qualities that can be. 


built into the synthetic product that it defies 
limitation. 

Expansion of rubber use is even more promising. 
In the United States each person required 10 
pounds of rubber per year prior to curtailment of 
use. In some other countries consumption was as 
low as a tenth of a pound per person. 


Regardless of cost, no one need fear abandon- 
ment of synthetic rubber from an economic view- 
point. Only a political demand can bring about this 
ending. The product simply will be so superior to 
natural rubber for some purposes that it will be 
cheaper despite the higher cost. 

This is no admission that even cost will continue 
favorable to the natural product. Before the Cham- 
ber of Commerce of the State of New York in June 
John L. Collyer, president, The B. F. Goodrich 
Company, called attention to his estimate of three 
years ago that synthetic rubber could be produced 
for as little as 25 cents a pound, and that recently 
William M. Jeffers, Rubber Director, has estimated 
the cost as low as 16 cents a pound. 

Some technologists are convinced that the cost 
for Buna S rubber finally will be much lower than 
16 cents. They base the conviction on what has 
come about from scientific development in other 
industries. 

What the petroleum industry needs realize is 
that a synthetic rubber will continue after the waf 
unless stifled for political reasons. 
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\RT 1 of this paper, (PETROLEUM REFINER, 22, 
(943) page 83), the unusual physical and chem- 
perties of hydrogen fluoride were described. It 
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Equipment in the author's laboratory 


Hydrogen Fluoride, 
The Catalyst 


J. H. SIMONS 
The School of Chemistry and Physics 
of The Pennsylvania State College 


PART 2. Its Role in Organic Chemical Reactions 


that these properties are in some instances 
tly contradictory. Theoretical consideration 
properties from the point of view of physical 


ry lead to the belief that hydrogen fluoride 


e effective for certain purposes in organic 
‘y. Minor preliminary laboratory experi- 
ipported this idea. The writer had, however, 
ties for such research, as it required help 
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and facilities in organic chemistry ; and he is known 
as a physical chemist. His fellow workers can prob- 
ably remember his discussions and his requests for 
facilities. As these ideas appeared very visionary and 
as other subjects for investigation were always avail- 
able, it was not until some years later that a set of 
fortuitous coincidences supplied facilities in organic 
chemistry. The original idea of the utility of fluorides 
has been confirmed; but due to the dependence on 
meager college budgets and personal funds, the work 
has not progressed as rapidly as both the academic 
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scientist and the industry would have liked. Happily 
other workers in other laboratories were able to con- 
tribute to this field of work and further its progress 
once interest had been stimulated. 


The first publication which disclosed the use of 
hydrogen fluoride as the catalyst for an organic 
chemical condensation reaction was a note’? pub- 
lished early in 1938, in the Journal of the American 
Chemical Society. Subsequent laboratory work soon 
showed superiority of this catalyst for a large number 
of reactions and its possibilities for use on an indus- 
trial scale. The author was asked to present this 
subject for the Unit Process Symposium at the Sep- 
tember, 1939, meeting of the American Chemical 
Society. The paper entitled Potential Use of Hydro- 
gen Fluoride in Organic Chemical Processes? was 
subsequently published in February, 1940. The sum- 
mary of this paper is now interesting to read in 
retrospect. 


“Hydrogen fluoride promises to be of extensive 
use in organic chemical processes. Fortunately it can 
be made available in large quantities. Present indi- 
cations are that it will displace other condensing 
agents in reactions for which they are used and will 
also enable new reactions to be carried out not pos- 
sible with the other agents. Higher yields are to be 
expected both because obnoxious by-products such 
as tarry residues and sulfonated sludges are not 
formed and because the starting materials not used 
can be recovered. Its physical properties should re- 
sult in more efficient processing, and greater ease 
and less cost in the design and use of equipment. It 
should be recoverable from reaction vessels for sub- 
sequent use. Equipment can be made of common 
materials of engineering construction. In the near 
future it probably will become one of our more 
widely used industrial chemicals.” 

In a series of papers in the Journal of the American 
Chemical Society the author has published the work 
from his laboratory on the general subject of Hydro- 
gen Fluoride as a Condensing Agent.* Sixteen papers 
have been published and others are in preparation. 
No complete bibliography of this subject will be at- 
tempted here as this is satisfactorily accomplished 
elsewhere. 

The catalytic power of hydrogen fluoride must be 
related to its chemical and physical properties. Those 
that probably govern its action in organic chemical 
reactions are its solvent power, its high dielectric 
constant, its high acidity, its great dehydrating ten- 
dency, the insolubility of the other halogen halides 
in it, and its great tendency to combine with itself 
and other substances to form molecular complexes. 

The corrosive effect of hydrogen fluoride on ma- 
terials of organic chemical composition such as wood, 
paper, rubber, etc., has been known and appreciated 
from the time the anhydrous material was first pre- 
pared. Its corrosive effect on human tissue and on 
glass and all silicious minerals was also known. 
These things lead to the common misconception that 
hydrogen fluoride would corrode and destroy all or- 
ganic chemical substances, and that it could not be 
handled in the laboratory. These misconceptions 
were in part the reason that facilities to study these 
actions were so difficult to obtain. It did not seem 
reasonable that such a corrosive agent could be put 
to useful service. An analysis of the corrosive action 
shows the following: The effect on silicious materials 
is due to the formation of the gaseous silicon tetra- 
fluoride, which escapes the site of the reaction and 


84 {190} 


thus allows it to proceed. The effect on things like 
wood and paper is primarily a dehydration, for hy- 
drogen fluoride is a powerful drying agent. On rub- 
ber and many unsaturated organic chemical sub- 
stances the effect is due to the powerful polymerizing 
action of hydrogen fluoride. The effect on human 
tissue is due to the fact that this very acidic sub- 
stance is readily absorbed, and both the hydrogen 
ions and the fluoride ions are toxic. 

The polymerizing power of hydrogen fluoride was 
recognized long ago. Everyone who has worked with 
the anhydrous material knows how it hardens rub- 
ber, either crude or vulcanized, to a hard brittle 
mass. Unsaturated organic chemical compounds are 
readily polymerized, particularly those containing the 
olefin linkage. Fredenhagen* lists the following sub- 
stances as being polymerized by it: oleic acid, lin- 
seed oil, poppyseed oil, castor oil, sunflower oil, 
soybean oil, amylene, butadiene, dipentene, indene, 
isoprene, piperylene, pyrrole, thiophene, and _thio- 
naphthene. Grosse and Linn® also include ethylene, 
propylene and cyclohexene. In our laboratories we 
have found additional substances to be polymerized 
such as acetaldehyde, furfural, and acetone. Hydro- 
gen fluoride does not polymerize aromatic hydro- 
carbons such as benzene, toluene, naphthalene, etc. 


In view of the powerful polymerizing power of 
hydrogen fluoride it is very surprising that it can be 
used as a catalyst for organic chemical reactions to 
prepare desired products in very good yields and 
without the formation of any appreciable amount of 
unwanted polymers. As soon as it was demonstrated 
that this was possible and conditions for doing it 
were found and described, the way for laboratory 
experimentation on organic chemical reactions was 
opened. The advantages of hydrogen fluoride over 
other agents for the same or similar purposes from 
an engineering point of view then attracted the in- 
terest of industry. 

One of the reactions for which hydrogen fluoride 
was found to be an effective catalyst is the one known 
as alkylation. This is essentially the preparation of 
a product that contains one or more alkyl or 
paraffinic groups in its molecules than were in the 
molecules of the source material. It was found that 
a great variety of source materials could be alkylated 
and also that a great variety of materials to supply 
the alkyl groups could be used. Among the latter are 
alkyl halides, olefins, alcohols, esters, ethers, etc. 

As an example of an alkylation using an alkyl 
halide we can take the reaction between benzene and 
an alkyl chloride, butyl chloride. If this is a tertiary 
chloride, the reaction takes place readily at ice tem- 
perature. If it is secondary, the reaction will take 
place at room temperature; but if it is primary, 4 
temperature of about the boiling point of water of 
above is necessary to have the reaction proceed 
readily. In this reaction the hydrogen chloride escapes 
as a gas, and only a relatively small amount 0 
hydrogen fluoride is necessary for the reaction. It's 
neither consumed nor diluted except by water oF 
other impurities contained in the raw materials. 

As an example of an alkylation using an olefin we 
can take the reaction of butylene or propylene with 
benzene. In this case the reaction takes place readily 
at relatively low temperatures. As the olefins poly- 
merize readily, they are added with stirring to the 
substance to be alkylated. As the alkylation proceeds 
much more rapidly than the polymerization, the latter 
can be almost completely prevented. In this case 4 
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in many kinds of alkylation, polyalkylation can be 
reduced to a small amount by proper adjustment of 
rate of addition of olefin and also the relative quanti- 
ties of alkylating substance and material to be 
alkylated. If polyalkylation is desired, it can be 
achieved by proper adjustment of conditions. 


As an example of an alkylation using alcohols we 
can take the reaction of the butyl alcohols with 
benzene. The tertiary alcohol reacts the most readily, 
and the primary the least. For two reasons much 
more hydrogen fluoride is needed in reactions using 
alcohols as the alkylating substance than when alkyl 
halides or olefins are used. As water is a product of 
the reaction, this dilutes the hydrogen fluoride. 
Alcohols themselves, as well as all organic chemical 
compounds containing oxygen, have a strong ten- 
dency to add hydrogen fluoride and thus reduce its 
catalytic activity. 

As an example of the use of an ester as the alkylat- 
ing substance we can take propyl acetate. This will 
react in a similar manner to propyl alcohol except 
that, instead of water, acetic acid is produced in the 
reaction. 

As an example of the use of an ether for alkylation 
we can take the reaction of dipropyl ether with benzene. 
Propyl benzenes are formed as the products. Two 
reactions are possible, one of the hydrocarbon groups 
of the ether can react, leaving an alcohol as a product, 
or both of the hydrocarbon groups can react, leaving 
water as the product. 


The case of alkylation of a certain substance 
depends not only on the type of alkyl compound but 
also on the particular alkyl group. For example, 
propylene reacts more readily than ethylene; and 
methyl compounds with hydrogen fluoride as the 
catalyst do not alkylate readily. It is interesting that 
under a set of conditions in which it was found that 
methyl alcohol does not react with benzene, it was 
found to react with phenol; but the methyl group 
replaces the hydrogen atom of the hydroxyl group 
rather than a hydrogen atom of the ring. With ethyl 
alcohol and phenol the ethyl group goes to the ring. 

Let us assume that we desire to make ethyl benzene 
using hydrogen fluoride as the catalyst. We may 
choose such common substances as ethyl alcohol, 
ethylene, ethyl chloride, ethyl ether, ethyl acetate, 
etc., to furnish the ethyl group. A special purified 
grade of benzene is not required, as hydrogen fluoride 
is not deactivated by common impurities in it. This 
is not true for some other catalysts, especially the 
solid-phase ones. The catalyst is readily recovered, 
which is also not true of most other agents. The 
equipment is relatively simple. It is smaller in size 
for equivalent production than that needed when 
most other catalysts are used, and it is made of the 
more readily available materials. The yield of product 
1s very high, and the loss of benzene in side reactions 
is reduced to a minimum. 

Benzene is, of course, not the only substance that 
can be alkylated using hydrogen fluoride as the 
catalyst. Any substance that contains, in its mole- 
cules, atoms of hydrogen that are sufficiently active 
for replacement reactions will undergo a similar con- 

€nsation reaction. Phenol, naphthalene and other 
aromatic compounds are given as examples. The 
fase of alkylation is, of course, different with different 
substances. Phenol, for example, alkylates more 
teadil’ than benzene. It is, however, not necessary 
that tie substance be aromatic. Paraffinic substances 
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with a sufficiently active hydrogen atom, such as the 
“so-called” isoparaffins, can also be alkylated. This 
was demonstrated in our laboratory long ago; but 
due to the fact that paraffinic compounds are more 
difficult to identify than aromatic ones and as we 
did not have good facilities for such identifications 
and were using student help, we did not report such 
experiments in our papers in the chemical literature. 
Others with better facilities for this kind of work 
were able to make more rapid progress than we 
could with this phase of the subject. 


Hydrogen fluoride is also an effective catalyst for 
the reaction known as acylation, that is, the con- 
densation reaction which produces ketones as the 
product. When hydrogen fluoride is used, the two 
substances caused to react are an organic compound 
containing an active hydrogen atom in the molecule, 
such as benzene or toluene, and a carboxylic acid or 
related compound such as an acid halide, an acid 
anhydride or an ester. When a carboxylic acid such 
as acetic acid is used, water is a product. When an 
acid halide such as acetyl chloride is used, there is an 
immediate reaction which proceeds the acylation 
reaction and which produces acetyl fluoride and hydro- 
gen chloride. The hydrogen chloride is a gas which 
escapes and the acetyl fluoride then reacts to form 
the methyl ketone and regenerate hydrogen fluoride. 
An acid anhydride will react with hydrogen fluoride 
alone to form the acid fluoride and the carboxylic 
acid. Acetic anhydride, for example, forms acetyl 
fluoride and acetic acid. As both of these products are 
useful for acylation, the reaction can be accom- 
plished, It was previously noted that esters act as 
alkylating substances and that the carboxylic acid is 
one of the products. The acid is then available for 
acylation. As the acylation usually requires higher 
temperature and more hydrogen fluoride than alkyla- 
tion, ethyl acetate can be used with benzene to form 
either ethylbenzene, a mixture of ethylbenzene and 
acetophenone, or also paraethylacetophenone. 


Whether the reaction be alkylation or acylation the 
second group entering the benzene nucleus goes 
chiefly into the para position. If polyalkylation is 
desired and the reaction is continued after the 
second alkyl group has been introduced, then other 
positions will be occupied. We have reported a 
tetrapropylbenzene. It is of interest to note that 
isopropylbenzene is formed from either primary or 
secondary propyl! chloride or alcohol. However, nor- 
mal propylbenzene is formed when cyclopropane is 
used. 

Hydrogen fluoride can be used as the catalyst for 
certain other reactions which are related to alkyla- 
tion and acylation. Examples of these are ring 
closures and rearrangements. An example of the 
latter is the Fries change. A similar type of reaction 
is a variation of an exchange reaction. Examples of 
these as catalyzed by hydrogen fluoride are: tertiary- 
butylbenzene reacts with phenol to form benzene and 
paratertiarybutylphenol, benzophenone oxime re- 
arranges to benzanilide, phenyl acetate rearranges 
to parahydroxyacetophenone, paracresylbenzenesul- 
fonate rearranges to 2-hydroxy-4-methyldiphenyl- 
sulfone. 

Hydrogen fluoride is also a useful catalyst for 
reactions not directly related to alkylation and acyla- 
tion. For example, it is very effective in aiding 
sulfonation. Benzene reacts with sulfuric acid in the 
presence of hydrogen fluoride to form benzene 
sulfonic acid. At higher temperature diphenyl] sulfone 
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is formed. Mixed sulfones can be formed by treating 
a sulfonic acid with another organic compound in the 
presence of hydrogen fluoride. An example of this is 
the treatment of toluene with benzene sulfonic acid 
to form the mixed sulfone, paratolylphenylsulfone. 

Hydrogen fluoride also catalyzes nitration. Nitric 
acid reacts with benzene at sub zero temperatures to 
form mononitrobenzene. Further nitration is not 
accomplished at the low temperature. Benzene is here 
used as an example of a reactant. Other substances 
can be sulfonated and nitrated, using hydrogen 
fluoride as the catalyst. 

Hydrogen fluoride is also an effective catalyst in 
the formation of esters. Esters of acetic and butyric 
acids have been made by the reaction of these acids 
with olefins, using hydrogen fluoride as the catalyst. 
Ethyl acetate was also made by the reaction of acetic 
acid and ethyl alcohol. The reverse reaction, that is, 
the reaction of water with ethyl acetate to form ethyl 
alcohol and acetic acid is also catalyzed by hydrogen 
fluoride. 


Hydrogen fluoride can also be used as the catalyst 
in the formation of ethers. Two alcohol molecules 
can be caused to combine to form the ether and 
water. In the presence of hydrogen fluoride methyl 
alcohol and phenol react to form anisole and water. 
An alcohol can be caused to react with an olefin to 
form the ether. An example of this is the formation 
of dicyclohexyl ether by a reaction of cyclohexanol 
with cyclohexene in the presence of hydrogen 
fluoride. 

Another interesting reaction that has been found 
to be catalyzed by hydrogen fluoride is the reaction of 
carbon monoxide with aliphatic compounds to pro- 
duce carboxylic acids. Both alkyl halides and alcohols 
have been used. An example of this is the formation 
of isobutyric acid from ether isopropyl chloride or 
normal propyl alcohol. 


A large number of other reactions of organic 
chemical compounds have been shown to be bene- 
ficially catalyzed by hydrogen fluoride. Many of these 
are relatively complex and require more detailed 
technical elaboration than is possible here. The above 
examples, however, should be ample to demonstrate 
the wide catalytic powers of this substance. In 
general it is found that where this catalyst can be 
used, the yields are better, products contain less 
obnoxious by-products, operation is accomplished 
with greater ease and flexibility, equipment design is 
more satisfactory and production is accomplished 
in a better and more economical manner. 

A consideration of the catalytic powers of hydrogen 
fluoride show that it has certain similarities with 
other catalytic substances in some reactions, but that 
on the whole it is a unique substance with distinct 
properties of its own. In regard to the catalysis of 
organic chemical condensation reactions it shows 
certain similarities to other acidic condensing agents 
such as sulfuric and phosphoric acid, that is, in some 
cases the same products are produced. It also has 
catalytic properties related to aluminum chloride, 
boron trifluoride, and other metallic halide condens- 
ing agents. It seems to be able to catalyze most of 
the reactions for which these other substances are 
used, Just why this is true is an important subject 
for future investigation. 

The differences between the use of hydrogen 
fluoride and other condensing agents are of both 
theoretical interest and value in commercial practice. 
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Where either hydrogen fluoride and sulfuric acid can 
be used, there are advantages for the use of hydrogen 
fluoride in addition to its greater desirability from 
an engineering point of view. Sulfuric acid has a 
great tendency to sulfonate organic chemical sub- 
stances and undesired sulfonated residues are formed, 
In spite of the fact that hydrogen fluoride can add 
to organic chemical substances, it cannot react in a 
manner similar to the formation of these sulfonated 
products, because it contains no oxygen atoms in its 
molecules. Sulfuric acid is an oxydizing agent, and 
the oxidation of the organic chemical substances 
reduces the yield of desired products and produces 
obnoxious residues. Hydrogen fluoride is not an oxidiz- 
ing agent. In most condensation reactions little or no 
organic fluorides are produced, when hydrogen 
fluoride is used. There are a number of differences 
in catalytic action between sulfuric acid and, hydro- 
gen fluoride. For example, sulfuric acid is not par- 
ticularly useful for alkylations employing alkyl 
halides, whereas hydrogen fluoride is. 

When comparing hydrogen fluoride and aluminum 
chloride, it is difficult to find a similarity of molecular 
structure to account for any similarities of the prod- 
ucts formed in the reactions catalyzed by these sub- 
stances. Boron trifluoride and aluminum chloride can 
be considered similar in molecular structure at least 
in the monomeric form. Each molecule has a central 
trivalent atom surrounded by three halogen atoms. 
This gives a valence shell of six electrons and, on the 
basis of certain theories of structure, a tendency to 
attract and hold the valence electrons of other sub- 
stances. In certain theoretical considerations of the 
catalytic powers of aluminum chloride and also 
boron fluoride this structure and tendency has been 
held responsible for the catalytic properties. The 
structure of hydrogen fluoride is vastly different. In 
use also hydrogen fluoride acts quite differently than 
aluminum chloride. The latter shows a great tendency 
to form tarry residues with all organic chemical sub- 
stances including aromatic compounds. Hydrogen 
fluoride shows very little tendency to polymerize 
aromatic compounds to tars. Aluminum chloride has 
a great tendency to cause rearrangement of paraffinic 
compounds. Hydrogen fluoride has much less ten- 
dency in this direction. Aluminum chloride when 
used for alkylation is employed chiefly with alkyl 
halides and not with alcohols. Hydrogen fluoride can 
be used with either, but reaction is apparently more 
rapid with alcohols. In acylation, aluminum chloride 
is used chiefly with acid halides. Hydrogen fluoride 
can be used with either the acid halide or the free 
acid itself. The action with the cheaper and more 
readily available carboxylic acid seems to proceed 
more rapidly. There are a number of reactions be- 
tween organic chemical compounds in which different 
products are obtained when hydrogen fluoride 1s 
used than when aluminum chloride is used. The 
number of these will increase as the use of hydrogen 
fluoride is more fully studied. The syntheses 
catalyzed by hydrogen fluoride should not be classed 
as Friedel and Craft reactions. This name is restricted 
to condensations catalyzed by aluminum chloride, 
boron fluoride, or other metallic halide. The hydrogen 
fluoride condensations not only proceed differently 
but in many cases give different products. 

The detailed mechanism of the catalytic action 
of hydrogen fluoride is quite unknown. The particular 
way that it causes condensation reactions to take 
place is a subject of very considerable inicrest. 
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Studies of this would produce valuable knowledge. 
Such studies would probably be made in the college 
laboratory as they would produce no patentable 
processes. The values obtained from these studies 
would be very important and useful for industry as a 
whole, and financial support for the academic work 
from industry would be very advantageous. 

Every easily arrived at mechanism of reaction with 
some well known substance as an intermediate must 
be discarded when the properties of the products of 
the hydrogen fluoride catalyzed condensation re- 
actions are taken into consideration. If it is argued 
that a double-bonded or olefinic compound is a 
necessary intermediate, it can be pointed out that 
benzyl chloride is an effective reagent; and it cannot 
form an olefin. Although methyl alcohol does not 
methylate readily, it does condense with phenol to 
form anesole, and neither methyl alcohol nor phenol 
can form an olefin. Propylene on reaction with ben- 
zene gives isopropylbenzene, but cyclopropane gives 
normal propylbenzene. If the olefin were the inter- 
mediate, the iso compound would be formed. If it is 
argued that the fluoride is the necessary intermediate, 
it can be pointed out that normal propyl fluoride on 
reaction with benzene gives isopropylbenzene; and 
the normal compound would be expected on this 
hypothesis. It has also been shown that the fluorides 
in the absence of free hydrogen fluoride do not react 
readily. Actually olefins will react much more readily 
with a much smaller amount of total fluorides 
present. 

For the condensation reactions which take place 
at low temperature in a hydrocarbon solution the 
assumption of either free ions or free radicals gives 
very serious difficulties in regard to energies of 
activation and must be considered as highly im- 
probable. Such an assumption also leads to other 
serious inconsistencies. A beginning of a study of the 
mechanism of one of these reactions has recently been 
published by Sprauer and Simons.* A tentative 
mechanism is here postulated which, at least, has 
avoided the above difficulties. 


A kinetic study was made of the reaction of toluene 
and tertiary butyl chloride as catalyzed by hydrogen 
fluoride. The products are paratertiarybutsyltoluene 
and hydrogen chloride in nearly 100-percent yield 
under most conditions. The reaction was shown to be 
approximately quantitative to one product and to be 
homogeneous in the hydrocarbon solution. Interest- 
ing features were that the reaction was retarded 
by hydrogen chloride and promoted by water and 
methyl alcohol. (Friedel and Craft reactions are 
usually considered promoted by hydrogen chloride.) 
The mechanism postulated was the transfer through 
a reacting pair of molecules (toluene and tertiary- 
butyl chloride) of a hydrogen ion from hydrogen 
fluoride on one side to a basic substance on the other. 
As this mechanism does not require the assumption 
of free ions or radicals, it is more reasonable from 
an energy point of view. It satisfactorily explains the 
production of the known products and also furnishes 
differential equations which correlate the quantitative 
rate data. Work of this kind is both difficult and 
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time consuming, but it is productive and much more 
of it is needed. 

The industrial use of hydrogen fluoride as a 
catalyst for organic chemical reactions is just begin- 
ning. It has already found some important applica- 
tions, some of which are at present in large scale 
practice. As more laboratory work is done and more 
theoretical considerations are given to the subject, 
more and more applications will be found. The 
fundamental work will be done chiefly in the college 
laboratories in the future as in the past. So far this 
has not had the benefit of any financial support from 
any industrial source or federal agency. Such support 
would greatly accelerate the progress. 


For much of the subject matter which is used or 
referred to in this discussion, I wish to express my 
thanks and appreciation to the students in our college 
laboratories whose long hours, day and night, pro- 
duced much of it. Their work, without financial 
compensation, using difficult techniques and mate- 
rials not always agreeable, has produced knowledge 
of considerable value. The students that have been 
associated with me have been. uniformly hard work- 
ing and courageous. We must acknowledge the 
patient work of all those workers and their helpers, 
chiefly in college laboratories, whose long hours 
(overtime without pay) have produced the valuable 
scientific ideas and knowledge. The producers of 
anhydrous hydrogen fluoride, the users of this ma- 
terial in industrial practice, and the firms which 
develop processes or design and construct equipment 
for processes using hydrogen fluoride are benefiting 
now from this work done in the past and will benefit 
from any further fundamental work. Encouragement 
and support for the work from these industries would 
be both welcome and appreciated. 
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A Chart for Determining the Area of Reinforcing Steel Required in 
Concrete Floor Slabs 








The design of reinforced concrete floor slabs may be 
greatly facilitated by using the nomographic chart shown 
here, This chart is based on the formula, 
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area of steel in square inches per foot of slab. 





uniform load on the slab in pounds per square 
foot. 


= span of slab, as shown in the sketch. 


= a constant, depending upon the kind of con- 


crete and the position of the slab. A slab 
adjoining a wall or an opening is called an 
end slab. Otherwise, it is called a center slab. 
Values used for C are as follows: 
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Cinder Concrete: 
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This chart has been a great timesaver in floor slab 


design for power plants and industrial buildings. 
To illustrate the use of the nomographic chart, 


let us 


find the area of steel required for an end span, stone con- 
crete slab whose length is 7 feet 3 inches, and which car- 
ries a load of 225 pounds per square foot. The procedure 


is as follows: 


1. Draw a line from the C value marked “stone con- 
crete, end span” to the 225 mark on the W line. 


2. From the point of intersection of the above wi 


th the 


K line, draw a line to 7 feet 3 inches on the L line. 
3. The value of A, may now be read as approximately 


.26 square inch. 


The proper size of reinforcing steel may now be chosen 
from tables prepared for this purpose, and available from 


any steel company. 
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An Empirical Relation Between 


Octane Number and 
Molecular Structure 


A. MIBASHAN, Department of Physical Chemistry, 
The Hebrew University, Jerusalem 


3 HAS been repeatedly attempted to deduce a con- 
nection between the physical properties of hydro- 
carbons and their tendency to knock in the engine as 
characterized by their octane number. 

Thus qualitative relationships between structure 
and octane number have been pointed out by Lovell, 
Campbell and Boyd*? and by Lovell and Campbell.’ 
Recently Francis* has presented quantitative rela- 
tionships between octane numbers and certain physi- 
cal properties of paraffins in which each series of iso- 
mers is characterized by a different constant. 

Lovell and Campbell* come to the following con- 
clusions : 

1. For the normal paraffin hydrocarbons there ap- 
pears to be a regular increase in tendency to knock 
with increase in the length of the chain, or with the 
molecular weight. This increase in tendency to knock 
with an increase in the length of the unbranched 
chain appears to be a quite general relationship. Also, 
the lengthening of the unbranched chain, when this 
chain is in the interior of the molecule produces a 
similar effect. 

2. The successive addition of methyl groups to a 
carbon-atom chain results in a decreased tendency 
to knock. : 

3. In general, for a given molecular size, what is 
loosely termed the centralization of the molecule, is 
increased, there is less tendency to knock. It is diffi- 
cult to define this concept of centralization of a 
molecule quantitatively, but it may be described in 
a general way as a more compact arrangement of 
the structural formula of the molecule. 

The object of the present paper is to express the 
centralization quantitatively by a “centralization in- 
dex” and to show that in fact there is a very simple 
it between this index and the octane num- 

er. 

The centralization index can be calculated for any 
paraffin in the following way: 

The carbon atoms in the longest straight chain in 
the molecule are numbered, beginning at each end 
of the chain. 

The “centralization index” consists of the sum of 
these “position numbers” minus a certain value for 
every side chain, depending on its length and posi- 
tion in the molecule. These values are: 

For a methyl group: the position number of the 
corresponding carbon atom in the straight chain. 

For an ethyl group: one unit less than for a methyl 
group in the same position, 


Example: 
2, 2, 3-trimethyl-pentane 
ef 
N74 


C= CC 6-6 


Ba a ee oe 
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Sum of position numbers=9. Value to be deducted for 

side chains 2+2+3=7 

Hence, centralization index: 9—7=—2 

The centralization index thus depends only on the 
molecular weight, chain length and branching of the 
hydrocarbon and not on its physical properties. 

For a given paraffin the octane number will de- 
crease with increasing centralization index and the 
isomer with the lowest centralization index will have 
the highest octane number. This is shown in the ex- 









































TABLE 1 
Research Blending | Centraliz. 
Octane Number Index 
PE 5.55 adie Vs Sea ae 0 15 
Se. on oo ease, oesp onlcls Sarees 55 10 
ee EEE OO Re 65 9 
pO eRe ee 68 7 
2-2-Dimethylpentane............«....... 80 5 
2-4-Dimethylpentane................... 80 5 
2-3-Dimethylpentane................... 94 4 
3-3-Dimethylpentane. . . 98 3 
TABLE 2 
Paraffins 
OCTANE NUMBERS 
A. S. T. M. Research 
Cen- | O.N. 
Blend- Blend-; tral | Calcu- 
Pure ing Pure ing | Index | lated 
ME oo eic a0 a weed a ee - >. ie Ne 1 115 
| eer eee eo ee .. ae > 100 2 108 
OS ee pres ee + See 4 92 
n-Butane 4 eee 95 95 6 77 
I Sct sa ka ca'e’ oyiane tov a ae DR Piss dame 2 108 
~~ eS eee ere : eee 58 60 9 54 
2-Methylbutane........... 89 81 91 92 4 92 
2-Dimethylpropane........ |. RRS FR 116 0 123 
oy, SE Te Sone MEY Sneac 34 29 12 31 
2-Methylpentane.......... 7 RRS ERS te 69 7 69 
3-Methylpentane.......... PRS re 84 6 77 
2, 2-Dimethylbutane....... . Diapers ree eet 2 108 
2, 3-Dimethylbutane....... Df escion hi e¥e Se 124 2 108 
SE eS 0 0 0 0 16 0 
2-Methylhexane........... heres eee es 55 10 45 
3-Methylhexane...........] ..... wee. ae tate 65 9 54 
NS ees eee eas 62 68 7 69 
2, 2-Dimethylpentane...... oes eres 80 5 85 
2, 3-Dimethylpentane...... See 88.5 94 4 92 
2, 4-Dimethylpentane...... ARIE ie ees 80 5 85 
3, 3-Dimethylpentane...... Ob IRS ar 98 3 100 
2, 2, 3-Trimethylbutane.... Sh ROS Poe 116 0 123 
eS ere eee Sas. ae ees eer ee —19 20 —31 
ee ee SOROS OPT ee te eee tea eh Bee Ph” 14 15 
3-Methylheptane.......... > of eee eee pe ee! 13 23 
4-Methylheptane..........] ..... MAST E Pipe a, See. OER 12 31 
2, 3-Dimethylhexane....... eS oe ek sete Be eae 7 69 
2, 5-Dimethylhexane....... Se eet ee ee 69 8 615 
3, 4-Dimethylhexane....... a Gra tt 6 77 
3-Methyl-3-Ethylpentane.. . ee Gee, erro  < 4 92 
2, 2, 3-Trimethylpentane. . . / & ee SaaS 105 2 108 
2, 2, 4-Trimethylpentane. . . 100 100 100 100 3 100 
ee eee RE es eee Beene ee 1 115 
2, 3, 4-Trimethylpentane.. . £eree Mrewn ee pects) 2 108 
2, 2, 3, 3-Tetramethylbutane eee re ab Vets 130 2 138 
SEE IE PCTS SE roe: eee ee ear ta —34 25 —69 
SD BT ht 5 66.5 Vi hk <5 5in Bere 36 12 31 
ee SEER EAE ED (Mee AG» ik ore UY —53 —32 30 | —108 
2-Methylnonane........... OBE Ae ee 23 —54 
2, 7-Dimethyloctane.......| ..... os i 34 25 16 0 
2, 2, 6-Trimethylheptane.. . ne Wee oie ier = 10 46 
Te een ee PERRO: Wr Po LEO Ee 62 55 8 615 
3, 3, 4, 4-Tetramethylhexane| ..... | ..... | ..... 124 0 123 



































ample of the heptane isomers in Table 1. The octane 
numbers used in this and other tables are taken from 
Gruse and Stevens.® 
The octane numbers of all paraffins can be calcu- 
lated from the centralization index by assuming a 
linear relationship between centralization index 
(C.I.) and octane number (O.N.) which gives zero 
as the octane number for n-heptane (C.I.==-16) and 
100 as the octane number for 2,2,4-trimethyl pentane 
(C.I. <=3). This relationship is 
O.N. = 123.1 — 7.7 & C.I. (1) 


The octane numbers calculated according to this 
formula are listed in Table 2 and compared with the 
experimentally determined octane numbers accord- 
ing to various test methods. It will be seen that the 
calculated octane numbers not only represent suffi- 
ciently well the differences in the knocking tendency 
of the isomers of one paraffin but come close to the 
experimental values, a very few cases excepted. The 
exceptions are as follows: The calculated octane 
numbers for n-octane, n-nonane and n-decane are 
definitely lower than the experimental values. This 
might very well be due to the fact that for high 
values of the centralization index the simple linear 
relationship (1) does not hold and in fact the rela- 
tionship between octane number and centralization 
index is better represented by quadratic equation of 
the type 

O.N. =a—b (C.1).+c (C.L.)’ (2) 
where a, b and c are constants. For example an 
_ equation 


O.N. = 131.6 — 11 (C.1.) + 0.179 (C.1.)? (3) 
will give the following values: 
CJ. O.N. 
2,2,4-Trimethylpentane 3 100.2 
n-Heptane 16 1.4 
n-Decane 30 —37 


At the moment, the octane numbers of sufficiently 
many paraffins having high centralization indices 
are not known to warrant the replacement of the 
simplified equation (1) by a quadratic one. 


The experimental octane number of 2-methylno- 
nane (93) is far higher than one would expect from 
the value of centralization index which is 23. This 
figure would indicate that the octane number of 
2-methylnonane should be between that of n-nonane 
and n-octane, as these latter hydrocarbons have the 
centralization indices 20 and 25, respectively. Thus 
the octane number of 2-methylnonane should be 
around —30. Also in the case of 2,2,6-trimethylhep- 
tane the reported octane number (94.8) is higher 
than the one that would follow from a centralization 
index of 10. The same is the case for 2,7-dimethyl- 
octane. 

The presented empirical relation between octane 
number and structural formula will be found useful 
in the following instances. 

1. It permits the classification of the isomers of 
a given paraffin according to their octane number 
on the basis of their structure. 

2. It permits the approximate estimation of the 
octane number of any paraffin hydrocarbon either 
by direct calculation or by comparing it to other 
hydrocarbons having similar centralization indices. 

3. It may serve as a mnemonic aid for remember- 
ing the approximate octane number of the various 
hydrocarbons. 

4. It may help in pointing out octane number de- 
terminations which are not sufficiently accurate. 
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The developed relation cannot be extended directly 
to olefins. A relationship has been found for the 
octane number of straight-chain mono-olefins. 

In the case of straight-chain mono-olefines, the 
centralization index is calculated in the following 
manner: 


The carbon atoms are numbered, beginning at 
each end of the molecule. The centralization index 
consists of the sum of these position numbers, minus 
a certain value for the double bond, depending on its 
position. This value is equal to two and a half 
times the position number of the outer carbon atom 
plus the position number of the inner carbon atom 
of the double bond. 

Example: 

pentene — 2 
CuCet-C—C 
Mie Salty eee aes 
Sum of the position number = 9. 
Value to be deducted four double bond = 2% K2+3=8 
Hence, a centralization index 9 —8 = 1. 

The centralization indices for straight-chain mono- 
olefins are listed in Table 3, together with -the cor- 
responding experimental octane numbers. 

From these centralization indices the octane num- 
bers of straight-chain olefins were calculated accord- 
ing to the empirical formula 

O.N. =110—5(C.L.) (4) 
and the calculated octane numbers are listed on 
Table 3 in the last column. Again, a fairly good 
agreement will be noted between the calculated and 
experimental octane numbers. 


Summary 


A relation was found connecting the octane num- 
bers of paraffin and straight-chain. mono-olefin hy- 
drocarbons with their molecular structure. The mol- 
ecular structure is represented by the centralization 
index, which varies with the length of the chain, the 
kind and the position of the side chains and the 
position of the double bond. 

The method of calculating the centralization index 
is given and the relationship between centralization 
index and octane number for a number of paraffins 
and straight-chain mono-olefins is demonstrated in 
tabular form. 









































TABLE 3 
Straight Chain Mono-Olefins 
OCTANE NUMBERS 
A. S. T. M. Research 
Cen- | O.N. 
Blend- Blend-| tral | Calcu- 
Pure ing Pure ing | Index | lated 
OS Se re ee ae > 100 85.5} —1.5 117 
S55 shhgdabanea ee 3 eee > 100 102 —0.5 112 
sa ee _ 2 Pear are 111.5 1.5} 102 
OS IE ene CE cone h von bse —1 105 
OS SRR eS: re, ey 92 98.5 4.5] 87.5 
ET ee 80 107 98 125 1 105 
OS Yee ee eerie io le 80 85 7.5) 72.5 
ae - 2 eee 89 100 4 90 
| ERE ie ere ee, eee en oa 1.5} 102 
ASE are ee, LOG) i tee 54 55 11.5 52 
ROR Re: area, i le ) 1 ee 8 70 
ee Eerie Neen 84 95 4.5 87 
| RRR itt pete 39 25 15.5 33 
te eee _ § are Bares 55 12 50 
ES AAS CUS S arRaeY.’ eRae at 73 8.5 67 
SRT EY Nee Sateliys, Saas 91 6 80 
15 20.5|__& 
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A Simplified Lubricating Oil 
Oxidation Stability Test 





R. E. HERSH, N. D. LAWSON, E. F. KOCH, M. R. FENSKE 
and C. E. STEVENSON* 
The Pennsylvania State College 


a THE course of research conducted for the gen- 
eral purpose of improving lubricating oils, various 
types of apparatus have been utilized for obtaining a 
measurement of the stability of oils toward oxidation 
and the subsequent deterioration of the oil. The 
Underwood machine, the Indiana Oxidation equip- 
ment, the oxygen absorption apparatus, etc., all have 
been found useful for certain purposes. Probably the 
last named of these devices yields the greatest 
amount of fundamental information on the mechanism 
of the oxidation reaction and on the variables which 
affect it. However, for the more or less routine exami- 
nation of a large number of oil samples, the amount 
of time and work involved in studying the complete 
oxidation characteristics of all of the oils by means of 
the absorption apparatus becomes prohibitive. A sim- 
ple “sorting” device, therefore, is desirable. 


Using the fundamental knowledge that has been 
obtained through the operation of oxygen absorption 
units,"? it should be possible to develop a simplified 
test that would prove to be very useful in any type 
of research which involves the relative evaluation of 
a large number of blends. It should be understood, of 
course, that no laboratory test method can replace 
full-scale engine tests or field tests under actual serv- 
ice conditions, but it can supplement these tests and, 
by serving as a “sorting” device, greatly reduce the 
number of oils which must be so tested. 


Obviously, service conditions to which lubricating 
oils are subjected vary greatly. It is not possible, 
consequently, to have one test which will correlate 
with all service conditions or engine-block tests, nor 
does this seem necessary. However, by the incorpora 
tion of sufficient flexibility into the design of the test 
it should be possible to vary laboratory test condi- 
tions so as to insure maximum usefulness. In the 
development of such a test the following desirable 
features should be incorporated. 


(1) The test should be simple and should not con- 
sume excessive time either of the operator or in 
reaching a result. 


(2) The conditions imposed on the oil should re- 
semble the significant factors in engine deterioration. 
The more important of these conditions are: 


_ (a) Time and Temperature. The temperature of oxidation 
is one of the most important variables, since it is known that 
the rate of oxidation approximately doubles for each 10° C. 
(18° F.) increase in temperature. The actual temperature 
sclected for the test will depend upon the severity desired, 
varying from about 100° C. (212° F.) in mild tests, such as 
ler turbine oils, to about 180° C. (356° F.) for extremely 
severe tests. It is desirable that the laboratory method should 
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be accelerated to expedite the testing but the time of oxida- 
tion should be sufficient to permit the initiation of chain re- 
actions controlling the rate of oil deterioration. Experience 
has shown that for lubricating oils oxidized in the presence 
of metals at temperatures ranging from 140° C. (284° F.) to 
180° C. (356° F.), 10 to 50 hours will generally be sufficient 
to pass beyond any induction period the oil may possess. Over 
narrow limits, time and temperature are practically inter- 
changeable; that is, a prolonged time compensates for a 
lowered temperature. 


(b) Catalysts. The major engine metal catalysts are be- 
lieved to be iron and copper. 


(c) Ventilation and Agitation. The loss of volatile oxida- 
tion products should probably correspond to that which takes 
place in the engine. This factor undoubtedly varies con- 
siderably among engines of different makes and with varying 
operating conditions. Agitation in the crankcase is vigorous 
due to splashing and pumping. Duplication and independent 
variation of these factors in a test procedure which depends 
upon air-blowing for both is difficult. However, the blowing 
technique is simple. Work in this laboratory has indicated 
that no great variations may be anticipated by stirring, 
spraying, or oxidizing with a greater retention of volatile 
products. Consequently, the blowing method is favored. 

(3) The procedures used for oxidation and analysis 
must be reproducible and capable of differentiating’ 
between stable and non-stable oils. 

(4) The apparatus should be flexible so that condi- 
tions may be changed to yield correlation with differ- 
ing operating conditions or to yield different types of 
information. 

With these considerations in mind, a simplified 
laboratory oxidation test was developed. It should 
be understood that this test is to be primarily 
an oxidation-stability test, and that other possible 
causes or effects of crankcase-oil deterioration, such 
as carbon formation, high-temperature pyrolysis on 
pistons, soot and ‘carbon contamination of the oil 
together with any dispersing effect thereupon, and 
the effect of blow-by constituents, will be evaluated 
only incidentally, if at all. 


Description of the Apparatus 

Briefly, the aparatus consists of a thermostat, 
oxidation tube, slides for lacquer determination, a 
suitable air supply, catalysts with devices for the 
measurement and control of air-flow rate and oil 
temperature. A detailed description of the essential 
parts follows: 

Thermostat. The test requires a definite oil tempera- 
ture rather than a definite thermostat temperature, 
so that any thermostat capable of maintaining the 
oil undergoing oxidation at the predetermined oxida- 
tion temperature to within about 1° F. (0.6° C.) is 
suitable. The thermostat in use at this laboratory is 
illustrated in Figures 1 and 2. 

It consists of an electrically heated block of cast 
aluminum containing fourteen wells, 1%-inch (4.8 
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FIGURE 1 


Thermostat used in stability test 


cm.) inside diameter and 10 inches (25.4 cm.) deep, 
placed in two parallel rows with 3 inches (7.6 cm.) 
center to center distance between rows. The wells, 
which are of steel tubing cast into the block, extend 
1 inch (2.54 cm.) above the block surface and are 
surrounded on all sides and the base by at least 1 inch 
of aluminum. To insure good thermal contact be- 
tween the block and the glass oxidation tubes, ap- 
proximately 2.9 pounds (129 ml.) of lead-bismuth 
eutectic alloy, melting at about 240° F. (115.6° C.) 
is placed in ‘each well. The alloy is obtained. under 
the name of “Cerrobase” from the Cerro de Pasco 
Copper Corporation, New York. Because of the 
buoyancy of the glass tubes immersed in the molten 
alloy, it is necessary to force them to the bottom of 
the well by means of a wood plate suitably bored 
with large holes for inserting the air- inlet tube, 
lacquer slides, and thermocouple well. The bi-metallic 
thermoregulator i is also immersed in the molten alloy. 


Heat is suppied by means of electric strip heaters 
clamped to the sides, ends, and base of the block. As 
shown in section in Figure 1, all surfaces of the block 
are covered with two 1-inch layers of asbestos. 


The strip heaters are arranged in four circuits of 
two each, with each circuit being equipped with 
switches and rheostats so that the heat input of any 
circuit can be adjusted so as best to insure a constant 
temperature throughout the block. The wiring dia- 
gram is presented in Figure 2. A pair of 500-watt 
heaters clamped to the upper sides of the block are 
used only for bringing the block up to temperature. 
With maximum heat to all circuits, 2500 watts are 
available for this purpose. This is sufficient to carry 
the block from room temperature to 347° F. (175° 
C.) in less than 2 hours. Pairs of 250-watt heaters 
fastened to the ends and base of the block normally 
supply heat at all times to maintain operating tem- 
perature. The current supplied to the pair of 250-watt 
heaters clamped on the lower sides of the block is 
controlled by an electronic relay actuated by a bi- 
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position between holes 5 and 8 indicated in Figure 1 
The electronic relay® shown in Figure 2 may be al 
or any other suitable one such as that described by 
Serfass.* For operation at an oil temperature of 347° 
F. (175° C.) the normal switch positions are as 
follows: 





Maximum Waiitage 
At This Setting 





Switch Position 
Switch Heaters at 347° F, 





A 250-W. End On 500 

B 500-W. Side Off 0 

¢ 250-W. Side Medium 250 
(controlled) 

D 250-W. Base 


Medium 250 








This heat input is then adjusted by means of the 
rheostats to balance the heat loss from the block 
which is less than 500 watts when operating at 347° 
F, The controlled heat should be a small fraction of 
the total input. 

Oxidation Tube. The oxidation tube is a Pyrex test 
tube 1.5 inches (38 mm.) outside diameter by 12 
inches (300 mm.) long. The inside diameter is 
1.33 + 0.04 inch (35.0 + 1.0 mm.). During oxidation 
this tube contains the oil, the thermocouple, the air 
supply tube, the lacquer slides, and the catalysts. The 
oxidation tube is illustrated in Figure 3, together 
with the air-inlet tube and glass lacquer slides. 

Air Supply and Slides for Lacquer Determination. 
The air used for oxidation is dried by passing it 
through a bed of activated alumina before it enters 
the oil. The rate of air flow is held at 10 liters per 
hour (+ 10 percent), measured at room temperature 
by means of capillary tube flow-meters. These de- 
vices consist of capillary tubes in the air line across 
which the pressure drop is measured by means of oil- 
lled manometers. The flow-meters are initially cali- 
brated against a standard wet-gas meter. Air induc- 
tion into the oil is by means of a glass tube, 0.12 inch 
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FIGURE 2 
Heating circuit for stability-test thermostat 
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(3.0 mm.) inside diameter and at least 15 inches (360 
mm.) long, extended to the bottom of the oxidation 
tube. Two glass hooks are sealed to the air inlet tubes 
opposite each other at a point about 3.75 inches (9.5 
cm.) from the lower end ._ support the glass slides 
used for the lacquer determination. These glass 
slides are ordinary microscope slides, 1x3 inch 
(2.54 x 7.62 cm.), which are weighed before and after 
the oxidation in order to obtain a measure of the 
tendency of the oil to form lacquer. In order to 
suspend the slides from the hooks provided on the 
air supply tubes, a 0.25 inch (0.64 cm.) diameter hole 
is drilled in the glass slides about 0.5 inch (1.27 cm.) 
from one end. 

Catalysts. The catalyst which, under the conditions 
of test described here, was found to yield results that 
correlated reasonably well with engine-test data con- 
sists of a sheet of commercially pure iron and 15.75 
inches (40 cm.) of No. 24 copper wire. The iron 
catalyst is prepared from a rectangle of Armco Ingot 
iron 3 x 3.75 inches (7.6 x 9.5 cm.) cut from 22-gauge 
cold-rolled, oiled sheet. The iron sheet is washed with 
a light naphtha to remove oil, and is polished suc- 
cessively until bright with Nos. 1 and 00 metallo- 
graphic emery paper. A cylinder 3 inches (7.62 cm) 
long is then formed from the sheet by wrapping it 
around a 1.25-inch (3.18 cm.) mandrel. This leaves a 
gap 4% to % inch wide up one side of the cylinder. 
The copper wire, prepared by abrading it with No. 00 
metallographic emery paper, is then wound into a 
spiral on the same mandrel, compressed slightly and 
inserted into the iron cylinder. After again being 
washed with naphtha, the cylinder is inserted into the 
oil under test. The iron cylinder fits rather snugly in 
the glass tube, so that the iron surface acting as a 
catalyst may be only one half of the total iron surface. 


Temperature Measurement. It is essential that the oil 
temperature be known and maintained accurately in 
order to secure reproducible results, It is recom- 
mended that the oil temperature be maintained con- 
stant to + 1° F. (0.6° C.) throughout the test. If this 
average temperature is maintained constant and does 
not differ from the desired test temperature by more 
than 5° F., it may be possible to correct the over-all 
oxidation for this variation by shortening or extend- 
ing the time of oxidation, using the assumption that 
the oxidation is doubled, or the time required to pro- 
duce an equivalent amount of oxidation is halved, for 
each 18° F. (10° C.) rise in temperature. Mathe- 
matically, this can be expressed as follows: 

to-—t 
(“a ] 


6= 0,2 or log @= log 9 + 0.0167 (t. —t) 





where @= actual time in hours required at t° F. 
6, = base time of oxidation at te° 


The temperatures normally employed for an ac- 
celerated oxidation test of this nature range from 
about 250° to 350° F. (121° to 177° C.) depending on 
the severity desired. In correlations of the results 
with the 36-hour Chevrolet-engine-test data, a tem- 
perature of 347° F. (175° C.) was found to be suitable. 

The use of individual thermocouples provides an 
accurate and convenient means of measuring the oil 
temperatures in the different wells. The thermocouple 
installation in the block described above consists of 
13 individual junctions of No. 26 duplex glass- 
insulated copper-constantan wire, each of which is 
placed in a well of glass tubing 12 inches (30 cm.) 
long by 0.12 inch (3 mm.) inside diameter and 0.20 
inch 5 mm.) outside diameter. Thermal conduction 
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to the junction is aided by filling the space between it 
and the glass well with a solid mass of anthracene. 
The 13 junctions, together with 8 others inserted 
directly into the block as shown in Figure 1, are con- 
nected to a multiple selector switch and junction box. 
The e.m.f. of the couples is measured with a poten- 
tiometer capable of reading to within 0.01 millivolt. 
This is equivalent to + 0.3° F. 

Time. The duration of the test is normally 20 hours, 
although this may be varied depending upon the 
object of the test, as will be described in a later sec- 
tion. No intermediate oil samples are taken. 


Test Procedure 


The test procedure described here is the one found 
to yield a reasonable correlation with the 36-hour 
Chevrolet-engine-test results.’ This represents mod- 
erately severe operating conditions. Modifications of 
this procedure are desirable for other purposes and 
these will be discussed in a later section, The oil 
charge, 100.0 + 0.5 grams (0.22 lb.) is placed in the 
oxidation tube together with the sheet-iron and 
copper-wire catalyst prepared as described above. 
The tube is then placed in a well in the thermostat, 
the air-inlet tube with two lacquer slides and the 
thermocouple are then inserted, and one hour is 
allowed to bring the oil approximately to the oxida- 
tion temperature (347° F. or 175° C.). During this 
time no air is bubbled through the oil. The end of the 
hour allowed for warming-up is taken as zero time 
for the start of the run, and the air rate is then ad- 
justed to 10 liters per hour. The oil temperature is 
measured and recorded at least once in every eight- 
hour period. In determining the average oil tempera- 
ture during the run, values measured before the end 
of the first hour of oxidation are not used. 

At the end of the oxidation period the air inlet 
tube and lacquer slides are removed and the effect of 
oxidation is measured in terms of the following five 
factors: 

1. Lacquer formation, 

2. Oil-insoluble matter. 

3. Oil-soluble, isopentane-insoluble matter. 


4, Viscosity increase. 


5. Neutralization number. 


As a preliminary step in the analysis of the 
oxidized oil, it is necessary to provide a clarified oil 
sample, or one which has been substantially freed 
from oil-insoluble material. This operation is per- 
formed by filtration through Corning fine porosity 
(F) sintered glass filters (suitably those of 30-milli- 
liters’ capacity). Filtering is done at least 24 and not 
more than 72 hours after the oxidation has been com- 
pleted. Just before clarification the oil is vigorously 
agitated so that a representative sample, including 
oil-insoluble material may be filtered. About forty 
milliliters of clarified oil are required for subsequent 
tests. This filtered sample will be referred to as the 
“clarified oil.” 

Oil Insoluble Matter and Oil-Soluble, Isopentane- 
Insoluble Matter. The amount of oil-insoluble matter is 
determined as the difference between the amounts of 
isopentane-insoluble material obtained from the oxi- 
dized oil before and after clarification. The amount 
of isopentane-insoluble material as determined on a 
sample of the clarified oil is recorded as the “oil- 
soluble, isopentane-insoluble matter.” That is, a sam- 
ple of the original oxidized oil is treated with com- 
mercial isopentane and the insolubles are measured. 
In exactly the same way, a sample of the “clarified 
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oil” is treated with the same precipitant. The content 
of insolubles and precipitables in both the unclarified 
and in the clarified oxidized oil is determined as 
follows: 

A sample of 10 grams (+ 0.1 gram) of oil (in one 
case an original oxidized sample, and in the other, 















































The amount of “oil-insoluble material” is then 
calculated as follows: 


100—A 
Percent oil insolubles = A —| BXi00—B 


where A= Percent total isopentane precipitate from un- 
clarified oil. 













the clarified sample) is diluted with 100 ml. of com- where B = Percent isopentane precipitate from clarified ( 
Air inlet tube oil. } 
} ihiiiaiatihe For values of A less than 1.00, the percent of oil- 
ot insolubles may be taken as simply (A—B). , 
Of course, any of the numerous methods in use for ; 
? determining insoluble material may be substituted E 
for the above procedure. The amount of insolubles . 
will depend to some extent upon the method of deter- 
Semple Tubc mination and in certain cases it may be desirable to C 
eer) ‘ length: 300 mn. measure the naphtha insolubles and chloroform solu- D 
caer (approx. bles as is commonly done in the analysis of used ? 
=. — «tet rere crankcase oils. The present method has the advantage D 
,etnee Sate few. of distinguishing between material insoluble in the F 
oil (which presumably would be the major source of 
3" x 1" with 1/4" hole dirtiness in an engine in the absence of extraneous 
es Se Grone Sesto contaminants) and the oil-soluble material which can 
O be precipitated by the addition of a solvent (a poten- 
a tial source of dirtiness in the engine). 
Vi Lacquer. The tendency toward lacquer formation is 
ON cia evaluated in terms of the milligrams of deposit 
iia acquired by a standard 3x1 inch (7.6x2.5 cm.) 
microscope slide immersed in the oil during oxida- 
tion. Two slides are used for each oil as shown in sl 
Figure 3 and the average gain in weight is reported. p 
Before use, the slides are carefully cleaned, dried in ) 
an oven at 220° to 300° F. (105° to 150° C.), and kept is 
in a dessicator until weighed. The slides must be 0} 
weighed on an analytical balance with an accuracy (: 
of + 0.0001 grams. When the oxidation is completed, tt 
the slides are withdrawn, and, after allowing time to T 
drain and cool, are washed with precipitation naphtha 
» (suitably by directing against the slide a jet of liquid E 
FIGURE 3 from a small washbottle). Any loosely-adhered sludge a 
Oxidation tube for stability test particles which are not part of the lacquer film may " 
be dusted off gently, using a fine camel’s-hair brush. ti 
mercial isopentane. The oil-isopentane mixture is The slides with their lacquer deposit are then dried 
allowed to stand over-night in a cool place. Insoluble ' 4M oven at 220° to 300° F. for about 4 hours and bt 
or precipitated material is removed from the solution #84! weighed. The average milligrams increase in ™ 
by filtration through a previously weighed and dried weight for the two slides are recorded as the slide th 
Gooch crucible (prepared as described below). The lacquer deposit. yaa ! - 
precipitate on the filter is then washed with 50 ml. of Viscosity Increase. The viscosity increase is here ¥y 
additional isopentane. After drying about one hour ‘eéfined as the percent increase in the kinematic vis- lir 
at 300° F. (150° C.) the deposit in the crucible is CoSity of the clarified oil at 100° F. (37.78° C.) and is ne 
weighed. determined using suitable viscosity instruments such us 
The Gooch crucibles are prepared by depositing a 45 modified Ostwald viscometers (A.S.T.M. D445- Bi 
thin, uniform mat of 0.2-0.3 grams of medium fibre, 4*1). Ae: : < e a 
acid-washed asbestos over the bottom of the crucible. Neutralization Number. The neutralization number 1s Si 
Using the full suction available from a good water determined on the oxidized oil previous to clarifica- te 
aspirator, the appropriate amount of the asbestos tion by titrating the acid in the oil with standard on 
suspension in distilled water is poured quickly into kali, Since some difficulty was experienced in the 
the crucible. The water is sucked through immedi- use of the A.S.T.M. procedure (D663-42T) with dark, Is 
ately and the asbestos forms a compact layer. The Oxidized oils, a method employing a fluorescent indi- hy 
crucible is dried in an oven at 300° F. to constant c¢ator was developed. The solutions required and the sa 
weight, and should be inspected before use to make analytical procedure are described. . 
sure that the mat covers the crucible bottom com- _ Standard Base: A 0.1 normal solution of sodium butylate ab 
pletely, with no apertures through which insoluble * peri — oa rt oenes the souenee — be 
material could pass. It is intended that a quantitative pile ie dean 10 a oF dine A i sl i = eohveut a th 
separation of insoluble material from the solution sisting of 10 ml. of 95-percent ethyl alcohol and 50 mi. of gr 
shall result from this filtration, and the Gooch used water against an aqueous mineral acid solution of known 
for this purpose should be equivalent to one used for normality using phenolphthalein indicator. The a Col 
any inorganic analytical separation. in) ee eae oaggg may also be standardized against potassitt pad 
The percent of isopentane _Precipitate from the Selwvad: This is a mixture of equal parts by volume of ml 
clarified oil is reported as “oil-soluble, isopentane- normal alcohol and toluene. The butyl alcohol may be dis- flu 
insoluble matter.” tilled from sodium carbonate to ensure absence of acics. abs 
94 {200} Petroleum Refiner—V ol. 22, No.7 July 
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TABLE 1 
Average Engine Test Data on S. A. E. Cooperative Test Oils Run by 36-Hour Chevrolet Procedure 




















ANALYSIS OF USED OILS 
ENGINE CONDITION Percent 
Viscosity 
Percent ry Percent Percent Increase, 
No. of Labs. Engine (Grams per 4%| Naphtha Chloroform S.U.S. at Neutralization 

Oil Designation Reporting Demerits ng) Insolubles Solubles 100° F. Number 
ME... 25 Vauihaie bute cds onnis nto cniay £4 big Meech 8-12 20 0.31 1.68 1.22 79 2.0 
BD, . | Seca Reade cy Geek ay syd & ate coe ee 8-12 12 1.13 0.76 0.23 97 4.9 
SE... ccd peuan dis meted ne a kccue rae bekiow 8-12 8 0.27 0.41 0.10 22 1.2 
ES foo e eas irk oe BOG WORDT AS RUS eee 8-12 52 0.21 3 00 2.77 219 4.5 
Rn i Te ML ese cedters Vinee 7 26 0.24 2.39 2.01 176 1.8 
BU. are Sek poe sid te ek Been oe 5 19 1.31 1.15 0.48 115 6.5 
Se RAT Se ey wiper etree Pe raaen ee 5 8 0.28 0.56 0.16 28 1.0 
, ¢ sissies <8 WR GLA iste db See de EM ele kale Delors 5 41 0.04 1.93 1.89 151 4.6 
RE RA ek A A A kt Fee a Ss hy 1-14 10 0.09 0.81 0.13 47 0.5 
BEE 5 ida.bs Sa eMA ede ed Ren at keene 1-14 1.50 0.68 0.18 253 2.2 
EE. 3. Sialacy Haat a Mes Mt a kee a Re ae 1-13 65 0.17 1.98 1.52 195 0.2 
as iis inn odds 0 ass: d te Ree o Dade ood a ae 5 5 0.03 0.52 0.31 dd 0.42 
Ls Sign otek Same at 3 a taaies oie a ak ae : 4-5 38 0.17 3.37 2.79 117 2.16 
cs Shara kc 0 ale eeskid 6D ae Ee oe eles ree 4-5 47 0.41 6.11 5.76 514 1.57 
NE Fa ous. oe, Seenlldsa- scanned ata ieee aiaaignn ate eae 7-10 20 0.08 1.46 1.02 39 0.84 


























Indicators: (1) Methyl Red Solution. This is prepared by 
dissolving 0.1 percent of methyl red in the butyl alcohol- 
toluene solvent. 


(2) Fluorescein Solution. This consists of 0.1 
percent of fluorescein dissolved in 95 percent 
ethyl alcohol. The addition of a few drops of 
alcoholic potassium hydroxide aids in dissolving the fluor- 
escein, 

Before withdrawing a sample, the oxidized oil 
should be thoroughly shaken to suspend any sludge 
particles uniformly through the oil. A definite weight 
of the oil, or a 5 ml. portion or other suitable volume, 
is withdrawn, using a pipette with a relatively large 
opening so that sludge particles will not clog the tip 
(an ordinary 5-ml. pipette can be adapted readily for 
this purpose by calibrating and using upside down). 
The contents of the pipette are transferred to an 
Erlenmeyer flask of 500 ml. capacity and 50 ml. of 
solvent are added. A portion of the solvent is used to 
rinse the pipette. About 4 ml. of the methyl red solu- 
tion, and 2 ml. of fluorescein solution are then added. 


The alkali is then added dropwise from a burette (a 
burette of 10 milliliters capacity, graduated in. 0.05 
milliliters units, is convenient). On the acid side of 
the neutral point the presence of the methyl red 
masks the green fluorescence which develops strongly 
and quite sharply when the solution becomes alka- 
line. Observation of the end point is aided by illumi- 
nating the titrating vessel strongly from the side, and 
using a dark background to reduce transmitted light. 
Bright sunlight, or a No. 1 Photoflood lamp with an 
opal glass diffusing screen, are suitable light sources. 
Since different light may affect the operators’ evalua- 
tion of the end point, it is well to standardize upon 
one source. 


_ Neutralization number by the A.S.T.M. procedure 
is defined as the weight in milligrams of potassium 
hydroxide required to neutralize one gram of oil. The 
same basis may be used for this test. If the oil sample 
is measured by volume, it is necessary to know or be 
able to estimate the density of the oil. It will usually 
be sufficiently accurate to use the density of the oil 
previous to oxidation, as determined from the A.P.I. 
gravity. 

The volume of alkali used in the titration should be 
corrected by subtracting from it the amount required 
to produce a definite fluorencence in a mixture of 50 
ml. of solvent, 4 ml. of methyl red, and 2 ml. of 
fluorescein solutions, This blank value is normally 
about 0.02 to 0.05 ml. of 0.1N alkali. 
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Neutralization Number = 


The calculation of the neutralization number is 
performed as follows: 
_ (56) X (A) X (N.F.) a (56) & (A) X (N.F.) 
(d) X (B) ° (G) 
where (A) = Volume of alkali, corrected for blank, in milli- 
liters. 
(B) = Volume of oil sample used, ml. 
(d) = Density of oil, g./ml. 
(N.F.) = Normal factor of alkali. 
(G) = Weight of oil sample used, grams. 
Correlation with Chevrolet-Engine-Test Results 


The stability test described in this report has been 
devised so as to permit flexibility of operation. The 
test procedure outlined those conidtions of test which 
were found to be useful in correlating laboratory re- 
sults with the data from the 36-hour Chevrolet- 
engine test.’ The oils used for this investigation 
were 15 of the S.A.E. cooperative engine-test oil 
samples on which engine-test data were available.*** 
The engine-test data reported by the several cooperat- 
ing laboratories have been averaged and are pre- 
sented in Table 1. The column headed “Percent 
Engine Demerits” equals 100 minus the “Engine 
Deposit Rating” of the original data. This change 
was made so that increasing values would indicate 
increasing engine deposits. 

These 15 oils were oxidized by means of the sta- 
bility test procedure outlined above; that is, oxida- 
tion for 20 hours at an oil temperature of 347° F. 
(175° C.) in the presence of a strip of Armco iron 
3x 3.75 inches and 15.75 inches (40 cm.) of No, 24 
copper wire, using an air rate of 10 liters per hour. 
The analytical data obtained as described previously, 
together with the percent naphtha insolubles and the 
percent chloroform solubles determined by the pro- 
cedure used for the crankcase-oil analyses (7, Method A) 
are presented in Table 2. The correlation between the 
average engine test data and some of the results 
given by the laboratory test is presented in Figures 4 
and 5. It is noted that a reasonable agreement is 
obtained for the relative degree of oxidation of the 
oil, particularly with regard to viscosity increase and 
insoluble products. The lack of agreement in the 
neutralization numbers is not surprising in view of 
the sensitivity of this measurement and the varia- 
tions normally encountered in engine tests; in some 
cases the neutralization numbers reported by different 
laboratories differed by more than 100 percent. 

In general, however, the correlation obtained in 
this work appears to be sufficiently satisfactory to 
warrant the use of the simplified stability test 
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TABLE 2 


Laboratory Stability Test Results on S.A.E. Cooperative Engine Test Oils 

















































Results of Stability Test After 20 Hours at 347° F. 
Catalyst: Iron Sheet 3 x 3.75 Inches +15.75 Inches No. 24 Copper Wire 
Percent Percent "oan 
Se gseme Percent Percent Oil-Solubles, Percent Increase 
S.A.E. Co-operative Naphtha Chloroform Iso-CsHi2 Oil in 100° F. Neutralization 
Engine Test Oil Lacquer Insolubles lubles Insolubles Insolubles Viscosity Number 
MGA S Slike O's 64 Pde a'w%.0.6:0-s 6 oes we 0.1 1.11 0.49 0.67 0.38 27.5 1.15 
ea Ne 0.0 0.96 0.53 0.14 0.07 31.1 2.00 
SE aRER Ss ed Soils cea a'g tied. « a win 4's 00 arte Awe 0.0 0.61 0.21 0.22 0.00 17.6 1.25 
a TER Si Se ee ie 1.4 2.53 2.23 1.77 2.10 58.2 2.40 
erat Re 5 ak ks gi ao-a 6s o-d-0 6 Aone 1.5 1.26 0.51 0.64 0.59 52.6 1.06 
ASS is Linid aig 6 04 Case 908% cb-ceg een 1.1 1.37 0.80 0.52 1.27 45.7 2.60 
iia ne ee oie Raids be ke baud pice 0.1 1.66 0.69 0.06 1.23 12.6 1.10 
Re Eb Wes édalh oA NS o » doe neawe 10.2 4.19 3.56 1.67 3.20 41.1 3.50 
ee ok ESS bic cdi Galt kd Ul ocnepies 0.2 0.75 0.13 0.49 0.10 17.4 1.20 
as whee only chads 704s cer werews 0.2 0.46 0.07 0.00 0.90 6.7 0.25 
ERE) cat CNS d aielaba lal «0 oo 06 Ge oe Rad Oe 1.5 1.74 1.24 1.53 1.63 47.0 2.10 
Es al wae ek hashes ckuvea eas bude 0.0 0.53 0.21 0.03 0.01 23.3 0.25 
Ree Ie Ae Cech ile bebo ean 1.6 2.51 1.76 1.01 1.57 31.9 1.75 
eS wel alah da 6 Wee he nes a hen wen ® em 0.1 4.15 3.66 3.61 1.92 82.9 3.40 
ERE Oe ee | ner 2.0 1.91 1.52 1.29 1.97 18.6 1.85 
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Oxidation: 20 hours at 247°F. (175°C.) 
Cetalyst: Iron Strip 2 x 2.75 in. + 
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FIGURE 4 
Correlation of laboratory and Chevrolet-engine test data on S.A.E. cooperative test oils 
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FIGURE 5 
Relation between precipitables from laboratory and engine tests 
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as a supplement to the full-scale en- 
gine testing of oils. The proposed use 
of the laboratory unit would be to 
classify the oils roughly as to their 
relative usefulness in the service for 
which they are tested. Some oils could 
immediately be judged unsuitable, 
while for others it may be desirable 
to impress more severe conditions in 
order to determine their suitability 
prior to subjecting them to full-scale 
engine or similar service tests. 


Effect of Variations in Test 
Conditions 


It has been emphasized that the test 
described was not intended to be a 
listing of certain fixed procedures and 
conditions which when applied to a 
lubricating oil would predict its serv- 
ice record. Due to the great variation 
in service conditions and to the con- 
tinually greater demands on lubricat- 
ing oils for most types of equipment, 
any laboratory test must be capable 
of considerable modification. This is 
particularly important in research 
work where first one and then another 
property of an oil will be emphasized 
and investigated. Where two or more 
possible solutions to a problem are 
indicated, it is frequently desirable to 
make the test conditions more severe 
to permit a choice between the two, 
Furthermore, while this test has been 
designed primarily to rate the sta- 
bility of a lubricating oil from the 


. standpoint of its ability to resist the 


formation of lacquer, oil-insoluble and 
precipitant-insoluble products, viS- 
cosity increase, and acidity, the test 
need not be limited to these uses. 

The variables which must be 
studied in order to permit an intelli- 
gent choice of test conditions for 4 
specific case are: 


(1) The time of oxidation. 
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(2) The catalysts present during oxidation, and 

(3) The temperature of the oxidizing oil. 

= By their use it is possible to make the test more or 
less severe and to emphasize one or another property 
of the oil. These obviously are not the only test 
variables but it is believed that they are the important 

re ones for the majority of oils. Under certain condi- 

ed tions, the rate at which air is passed through the oil 
may be important. Since the mechanism of oxygen 





absorption by oil is a diffusion process, it is to be | 


expected that at low rates of air circulation the 
diffusion process may be the rate-controlling factor 
and that, consequently, the rate of air bubbling may 
determine the rate of oxidation. However, as the rate 
of bubbling is increased the point is soon reached 


Temperature: 220°F.(160°C.) 
Catalyst: 78.75 in. (200 cm.) No.24 Copper Wire 
Armco Iron Strip, 3 x 3.75 in. 
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her where the oil is saturated with oxygen and further 
zed increases in the circulation rate will only slightly 
lore aitect the rate of oxygen absorption. 
are ; ; iia i ; a : 
me Time of Oxidation. From the standpoint of increasing 
aia the severity of a laboratory test or of establishing 
ie conditions which will yield a correlation with various 
ee service tests, the time of oxidation is probably one 
sta- of the most important variables. This is true because, 
‘a in general, the deterioration of an oil with regard to 
ree a given index of that deterioration will not be a 
Bes linear function of time. This is not surprising in view 
i ot the fact that oxidation apparently proceeds by a 
test chain mechanism. The presence of inhibitors and 
‘milar additives serves further to complicate this 
‘a picture since these additives may function merely by 
fttarding the initial oxidation or by breaking the 
elli- thain reactions. 
re 


To illustrate the effect of time of oxidation upon 
the de*erioration of lubricating oils, data are pre- 
‘ented in Table 3 and Figure 6 relative to the oxida- 
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Temperature: 320°F.; Time: 20 Hours 
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FIGURE 7 


The effect of variation in amount of copper and iron catalysts on the 
oxidation of a conventionally refined Pennsylvania neutral containing 
oxidation inhibitors. 


tion of 3 S.A.E. Cooperative Test Oils, B-1, B-2, and 
B-3. Here it will be noted that not only can increas- 
ing the time of oxidation be used to exaggerate the 
differences between oils but the order of rating of 
some oils may be reversed. For example, this is shown 
by the viscosity increase of oils B-1 and B-2, Under 
the conditions of test listed in Table 3, Oil B-1 
showed a slightly greater viscosity increase after 20 
hours than Oil B-2 (17.6 percent versus 15.0). How- 
ever, at the end of 80 hours the instability of Oil B-2 
has resulted in a viscosity increase of 331 percent be- 
cause of the formation of large amounts of oil-soluble 
resinous matter, while Oil B-1 shows only 48.1 per- 
cent increase after the same period. These data point 
to the desirability of extending the time of oxidation 
when there is any doubt as to the relative merits of 
any selected pair of oils. 

Effect of Catalysts. Catalysts are useful for accelerat- 
ing oxidation tests, and it has also been found that 
they accelerate the oxidation of different oils toa 
different degrees. Thus, some oils, oxidized in a glass 
apparatus in the absence of catalysts, may appear ta 
have essentially the same stability, but may exhibit 
widely different stability characteristics when oxi- 
dized in the presence of a catalyst. Thus, a differentia~ 
tion on the basis of oxidation stability may be more 
easily and reliably achieved by the use of suitable 
catalysts. 

The choice of catalysts for use in laboratory tests 
designed to rate oils with respect to the oxidation 
stability which might be expected in service is 
obviously governed by the fact that certain metals 
present in engine lubricating systems are known to 
be catalytically active toward the oxidation reaction. 
These are principally iron and copper, with the lead 
introduced through the use of leaded fuels being a 
possible additional factor in some cases. 

To illustrate the effect of these metals as catalysts 
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TABLE 3 
The Effect of Time on the Oxidation of Some S.A.E. Cooperative Engine Test Oils 









































Results of Stability Test at 320° F. (160° C.) 
Catalyst: Armco Iron Sheet 3x3.75 In. + 78.75 In. (200 cm.) 
No. 24 Copper Wire 
Percent Percent 

Kinematic Oil-Solubles, Percent Increase 

Viscosi Hours of Milligrams Iso-CsHi2 Oi in 100° F. Neutralization 
Engine Test Oil at 100° F. Oxidation Lacquer Insolubles Insolubles Viscosity Number 
REG TAG kee OPENS ab oo 0'¢'% 0b 004 126.3 20 0.1 0.14 0.00 17.6 0.85 
Es se U elie bade 6ONd £5 0:0 606 00s 0 50 0.5 1.12 0.82 37.8 2.30 
A a a eee Fe Sere Pr eee 80 3.4 1.56 2.38 48.1 3.50 
EL a eee rab k sa dps ep codes ved 88.54 20 0.1 6.00 0.00 15.0 1.58 
ELS ei ag kam b0 6. 6-0-0 6284.) 0 3.0.6 0 00.4 6 ham 50 0.0 0.15 0.00 53.3 2.70 
RE ROR aM aiacaly ibs cds boas 064 si 60050 80 0.0 5.14 0.49 331. 3.50 
er. Ue eke des heeds ea saus ees 93.52 20 0.0 0.00 0.00 9.5 0.98 
RRM tat ele Cains GakG 68 U6 48 es 50 0.1 1.40 0.05 33.6 1.70 
Ae a Pauly ako a he bninels 80 0.2 0.58 2.46 25.9 3.70 

TABLE 4 


The Effect of Variation in the Amounts of Copper and Iron Catalysts on the Oxidation of a Conventionally-Refined Pennsylvania 
Neutral Oil Containing Oxidation Inhibitors 
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Catalyst Results of Stability Test After 20 Hours at 320° F. 
Centimeters Percent Percent : 
(Inches) Units* Oil-Solubles, Percent Increase 
No. 24 Armco Milligrams Iso-CsH12 Oil in 100° F, Neutralization 
Inhibitor Copper Wire Iron Lacquer Insolubles Insolubles Viscosity Number 
ee oo cutie cass seeedees 0 (0) 1 1.3 0.00 0.02 2.1 0.25 
_— 40 (15.75) 1 4.7 0.22 0.80 11:8 1.15 
100 (39.38) 1 6.7 0.30 1.13 14.6 1.50 
200 (78.75) 1 5.6 0.32 1.23 14.9 1.70 
40 (15.75) 0 0.9 0.08 0.25 5.2 0.45 
40 0.5 2.7 0.21 0.75 10.7 1.35 
40 1 4.7 0.22 0.80 11.8 1.15 
40 2 1.8 0.18 0.62 9.9 0.90 
ES ai 5 6 pig d tre bine oe cg une 0 (0) 1 1.8 0.45 0.84 11.2 1.00 
40 (15.75) 1 1.2 0.41 0.65 11.0 1.10 
100 (39.38) 1 2.4 0.39 0.88 9.6 1.30 
200 (78.75) 1 2.4 0.31 0.91 6.8 1.20 
40 (15.75) 0 1.2 0.27 0.34 7.1 0.85 
40 0.5 1.8 0.37 0.69 9.8 1.30 
40 1 1.2 0.41 0.65 11.0 1.10 
40 2 1.3 0.40 0.79 10.4 1.10 
*1 Unit = 1 Sheet Armco Iron, 3 x 3.75 Inches. 
TABLE 5 
The Effect of Varying the Amount of Copper Wire Catalyst on the Oxidation of Some S.A.E. Cooperative Engine Test Oils 
Results of Stability Test After 20 Hours at 320° F. 
Catalyst: 1 Sheet Armco Iron 3 x 3.75 In. + Copper as Indicated 
Centimeters Percent Percent 
(Inches) Oil-Solubles, Percent Increase 
No. 24 Milligrams Iso-CsHi2 in 100° F. Neutralization 
Engine Test Oil Copper Wire Lacquer Insolubles Insolubles Viscosity Number 
ee a a og 6 ode e swiss dela aw sis ae owe 0 (0) 0.0 0.00 0.00 23.5 0.30 
at: SON aE Ea oa ee a ee er 40 (15.75) 0.1 0.00 0.00 24.2 0.60 
TR Ea OL Uw wane deeds 200 (78.75) 0.4 0.49 0.40 33.3 1.15 
ee ars a eS ay wipelee tind Seibel 6-0:s deel 0 (0) 0.7 0.02 0.12 13.5 0.80 
ATR i ie. oe oo dle s «e'e,6 e008 40 (15.75) 1.9 0.36 0.53 28.7 2.50 
OE Se RS ee eee Peeters eer er ree eee or 200 (78.75) 1.7 0.24 0.58 22.8 2.45 
eee ck a cada aksachvkexs (4s sederacus 0 (0) 0.0 0.00 0.00 8.1 0.53 
Reh airs Uy ddd hae adablerdes seasons 88s 40 (15.75) 0.1 0.00 0.00 9.6 0.83 
ee ere eee oe ee 200 (78.75) 0.1 0.43 0.15 12.8 1.05 
Te bl odin t as be dae a e-os wba 6 Se 0 (0) 2.1 0.55 0.40 31.4 0.70 
eee ee ee oe ead duas to hk db a eee'e wakes 40 (15.75) 13.0 1.26 1.70 62.0 3.35 
a oe a bh wetndes.e bode eae 200 (78.75) 3.9 1.01 2.08 57.4 3.45 
TABLE 6 
The Effect of Temperature on the Oxidation of Some S.A.E. Cooperative Engine Test Oils 
Results of Stability Test after 20 hours 
Catalyst: Armco Iron. Sheet 3x3.75 In. + 15.75 In. (40 cm.) 
No. 24 Copper Wire eee’ 
Percent Percent 
Kinematic | Temperature Oil-Solubles, Percent Increase 
Viscosit o Milligrams Iso-CsHi2 1 in 100° F. Neutralization 
Engine Test Oil at 100° F. Oxidation Lacquer Insolubles Insolubles Viscosity Number 
eT ace pase oes 4-9 42.01 320° F. 0.1 0.00 0.00 24.2 0.60 
Noe EEE as 347° F. 1.5 0.64 0.59 52.6 1.00 
BSS ch Sstacescsres 37.54 320 1.9 0.36 0.53 28.7 2.50 
SIAR ois eae 347 1.1 0.52 1.27 45.7 2.60 
Ere a ch ob haere’ 38.23 320 0.1 0.00 0.00 9.6 0.83 
RE al LG ik os 28 + finiss ake vs very 347 0.1 0.06 1.23 12.6 1.10 
eas Sad kas 22.46 320 13.0 1.26 1.70 62.0 3.35 
RE a ways pv eieins fol 347 10.2 1.67 3.20 41.1 3.50 
———— 
09 ] 
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and of varying the amounts of the catalysts, data are 
presented in Table 4 and Figure 7 on the oxidation 
of a conventionally-refined Pennsylvania neutral oil 
containing different oxidation inhibitors in the pres- 
ence of varying amounts of iron and copper metals. It 
will be evident upon inspection of these data that for 
the same base stock the effect of the catalysts will be 
influenced by the type of inhibitor which is present. 
Thus, the Pennsylvania neutral containing Inhibitor 
1 was much more sensitive to’ the amount of copper 
present than was the same oil with Inhibitor 2. Fur- 
thermore, for the same oil and inhibitor the effect of 
different catalysts may be markedly different. For 
example, the tendency of the neutral containing In- 
hibitor 2 to increase in viscosity decreases with 
increasing quantities of copper, while iron has the 
opposite effect. 

Similarly, in Table 5 and Figure 8, some data are 
presented to show the effect of increasing the 
quantity of copper metal on the oxidation of four 
S.A.E. Cooperative engine test oils in the presence 
of a fixed amount of iron metal. These results illus- 
trate clearly the effect of the copper catalyst. The oils 
show far greater difference in stability in the pres- 
ence of copper than in its absence. However, while 
the presence of a relatively small amount of copper 
has a marked effect, these oils appear to be rather 
insensitive to the further addition of copper. 

Temperature of Oxidation. Increasing the temperature 
of an oxidizing oil invariably results in an increased 
rate of deterioration of the oil and consequently is a 
ready means of accelerating the testing of oils. How- 
ever, there is obviously a limit to the temperature 
that may be used and, in general, it would seem to be 
safer to choose a temperature in the range of that 
which might be expected in service, and to achieve 
correlation with service results by adjusting the 
amount of catalyst and the time of oxidation, Data 
presented in Table 6 indicate that the effect of raising 
the temperature of oxidation 27° F. (15° C.) on the 
oxidation of four S.A.E. Cooperative Engine Test 
Oils is similar in some respects to increasing the 
amount of copper catalyst (Table 5). 


Other Applications 


The stability test described is not necessarily 
limited to the uses so far indicated. It has, for ex- 
ample, been used to investigate the corrosivity of 
oxidizing oil toward different metals, including bear- 
ing allovs, by immersing a sample of the metal in the 
oxidizing oils. Due to the absence of any “wiping” 
effect such as is encountered in engine bearings, the 
data so obtained need to be critically examined. Thus, 
it would seem that a bearing surface which shows no 




















TABLE 7 
Bearing Corrosion Measurements by Means of the Stability Test 
Cadmium- 
Copper-Lead Bearing Corrosion Nickel 
——______—- |- Bearing 
| Chevrolet Stability Corrosion 
| Engine Test Test* Stability Stability 
¢./Bearing ¢./Bearing Test* Test* 
OIL Half Halft Mg./Sq. In. | Mg./Sq. In 
BI. ca 0.31 | 0.022 4.0 0.1 
B-2 1.13 0.167 30.5 56.5 
B.3 0.27 0.046 8.5 9.1 
B-4 0.21 0.056 10.2 33.6 
D-6.. 0.03 0.000 ae Shee eee 
D-14 0.41 | 0.159 0 











* Stability Test Conditions:—Temperature: 347° F.; Time: 20 Hours; j 
Cataly s: Armco iron strip 3 x 3.75 inches, 15.75 inches No. 24 copper wire, 

and either 2.2 sq. in. copper-lead or 3.1 sq. in. cadmium-nickel ‘bearing surface. 

is Non sion of laboratory test values in mg./sq. in. to g./bearing half 


an area of 5.45 sq. in./bearing half. 
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Conditions: Time, 20 Hours; Temperature, 320°F.; Catelysts, 
Iron Strip 3 x 3.75 in. + Copper Wire as Indiceted. 


































































































@ Lacquer 0il-insolubles 
37.5 @ 3-0 
@ To 13 3 ‘ 
= ae 
‘ : 
al 
« 5.0 7 2.0 
Pe x mer 
5 B-14 °o 
be = 
g 8 
© 2.5 & 1.0 
3 = é 8-12 
<7 + 
= -1 B-1 $ B-11| B-13 
- _ 
2, pe 
0 100 200 0 100 200 
Centimeters No. 24:Conper Wire 
Viscosi Increas a Aeutrelizetion Number 
‘ & r B-14 
3 75 a 3 
» < 
* B-14 : ) 
: | SP taps $ Po owe 
hay a 
> Ps 2 
~ o 
§ 2 
wei -11 & 
§ © B-13 
% 25 rea 
aq © 
é si a 11 
& ee , s 
we B-13 : 
) = I 
0 106 200 0 100 200 
Centimeters No. 24 Copper Wire 


FIGURE 8 


The effect of varying amount of copper catalyst on the oxidation of 
some S.A.E. cooperative engine test oils. 


corrosion in the stability test should be carefully 
examined for evidence of the presence of a sulfide or 
other coating on the metal which might not be able 
to protect the bearing when used in engines where 
the wiping effect might prevent the formation of the 
protective coating. Data obtained by means of the 
stability test on the corrosiveness of some of the 
S.A.E. Cooperative test oils are presented in Table 7. 
While the amount of copper-lead bearing corrosion is 
less in the laboratory test, the relative ratings of the 
oils are essentially similar to those given by the 
bearing corrosion results from the Chevrolet engine 
test. 

One use in which the apparatus has proved well 
suited is for the investigation of oxidation inhibitors 
and the relative evaluation of these materials in differ- 
ent base stocks. It has also been used to a certain 
extent to study the effect of detergents upon the 
formation of insoluble matter when the oil contain- 
ing the additive undergoes oxidation. By means of a 
suitable modification other specific factors bearing 
upon oil deterioration may be evaluated. 
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Extending Camshaft Operating Life 


For Increased Engine Power Output 


FRED NOLTIMIER, General Petroleum Corporation 


Presented before the California Natural Gasoline Association 


eS of the compressor and ,umping stations 
now in operation have been on the line for as much 
as a score of years. It is the intention of this paper 
to point out and illustrate methods of checking the 
performance of some types of cams which, in the 
natural gasoline industry, have actually required 
little or no attention, and therefore have received 
none over such extended periods of operation. Now, 
however, natural wear plus the demand for every 
available horsepower of compressor capacity forces 
us to search more intently. 

Normally there are but two reasons for investi- 
gating the condition of a cam. If, when new, an 
engine does not deliver its rated power output or 
valve troubles are encountered, the cam design or 
timing might be questionable; but this rarely hap- 
pens. The other most plausible reason may occur 
some years later when visual wear of the cam itself, 
or of its follower, becomes noticeable and causes the 
mechanic to become suddenly cam-conscious. The 
more common forms of cam wear can be divided 
as follows: 

1. Pock marks of corrosion are usually most prev- 
alent on the front or lifting faces having high unit 
pressures at point of contact with roller followers. 
As the percentage of total surface area destroyed is 
usually small, this condition does not necessarily 
mean that the cams are no longer functioning with 
a fair degree of efficiency, but, from this point on an 
accelerated rate of wear on both cams and rollers 
may be expected. 

2. A more or less smooth and even wear upon 
both sides and top of the cam lobe may occur. This 
type of wear will cause an appreciable falling off in 
power with no ready means of ascertaining its cause 
or even its presence. 


3. Wavy, irregularly worn places on cam faces 
can be easily detected. The common causes are con- 
tinuous operation with excessive push rod clearance, 
sticky valves with a tendency to “hang up” at certain 
points, or improper valve spring tension. 

There are three principal methods of checking 
cam performance. The first two described have the 
advantage of making camshaft removal from the 
engine unnecessary but do not permit such complete 
examination as does the third. 

1. With the engine cold so that there are no 
rapidly changing temperatures of parts affecting 
push-rod clearances, carefully set same to normal 
operating clearance. Arrange devices on both inlet 
and exhaust valves which will indicate when they 
start to open or become completely closed. Then 
slowly bar over the engine noting at which points, 
in terms of degrees of flywheel rotation, the valve 
events take place. Should the flywheel be unmarked 
for valve timing, a steel tape laid around the wheel 
from the stationary index to H.D.C. or C.D.C. can 
be used to measure the intervening distance and 
from this can be calculated the respective valve 
timing. 

2. While maintaining the engine “on the line” and 
under full load, indicator stop cards or valve cards 
may be taken. By using a very light indicator spring 
to magnify the bottom of the conventional power 
card, an analysis may be made of the scavenging or 
exhaust valve action, the inlet or filling strokes, and 
the beginning of the compression strokes. From these 
diagrams a diagnosis of valve, air-intake, or exhaust 
troubles may be made. 

3. A third and quite accurate method of cam 
checking involves the removal of camshaft from 
engine and placing of same in a testing jig. A spe- 
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FIGURE 1 
Schematic views of camshaft testing jig 
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cial dial comprising %20° of flywheel rotation for 
one complete camshaft rotation with an accompany- 
ing adjustable index permits direct reading of valve 
events as produced by the respective cam. 


Cam-Testing Jig 

Figure 1 is a simple schematic diagram of such 
a cam-testing jig. This shaft and both cams are 
forged integrally so that the setting to one reference 
point in reality controls all four events; namely, the 
opening and closing of both the intake and exhaust 
valves. Operation consists of turning the camshaft 
so that the roller-follower rests upon the intake cam 
base circle with the attendant dial indicator set to 
read 0.000 inch. Rotate camshaft in the proper direc- 
tion until the roller is starting to be lifted by the 
gradual incline of the cam ramp and the dial indi- 
cator reads +0.020 inch which rorresponds to the 
0,020-inch engine valve push rod clearance. Now set 
the pointer index at 10° ahead H.D.C. and tighten 
to shaft as this is the point of intake valve opening 
and all other valve events are read from the position 
of the index when the dial indicator reads -+-0.020 
inch above the base circle on the respective cam 
ramps. 

This figure may be made very elaborate, if deemed 
justifiable, by mounting a roller and a 1.000-inch 
range dial indicator above each cam in the same 
relative positions as in the actual engine. On the 
other hand, once a satisfactory cam of known char- 
acteristics has been secured, a single dial indicator 
with the pressure point bearing directly upon the 
cam can be used for checking questionable cams. 
However, the correlation between such a jig and 
actual engine performance must be worked out to 
insure proper interpretation. 

Figure 2 is an illustration of typical cam charac- 
teristics. Displacement or cam roller lift in inches 
is plotted against degrees of camshaft rotation. The 
dotted line represents the’ theoretical movement de- 
sired but which must be changed until it is repre- 
sented by the heavy line of gradually increasing and 
decreasing slope. Of course, fast valve action is 
desirable but it is governed by the mass and inertia 
of the moving parts, or, in reality, by the mass and 
acceleration. The acceleration curves must therefore 
be given consideration or a rapid and uneven wear of 
cams will result. Of more immediate consequence 
will be the pounding of valves and seats unless valve 
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Camshaft rotation—degrees. 
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closure has been carefully decelerated at point of 
contact. ; 

A cam-testing jig is of considerable assistance in 
determining the amount of “ramp” or very slow 
lift required in absorbing the push-rod clearance 
without excessive shock as well as the reverse action 
or depositing of valves upon their seats without a 
deleterious pound. Most cams of late design, particu- 
larly those using a roller follower, do not depend 
upon a straight tangential radius or the straight part 
of the cam face forming a perfect tangent with the 
base circle. To avoid the resultant shock a “transi- 
tion radius” or “ramp” is employed as depicted in 
Figure 8. 

Two Master Cams 


This figure is presented to show the comparative 
shape and size of the actual cam to that of the 
master. An explanation is in order. After the experi- 
mental stage was passed and actual production en- 
tered into, two master cams were made, one each for 
the intake and exhaust cams. To insure a high degree 
of precision and maximum speed of grinding a 22-inch 
wet wheel turning at 1000 revolutions per minute 
was used. A 3-inch roller followed the master cam 
which rotated at 20 revolutions per minute. These 
masters were attached to the camshaft undergoing 
the grinding by means of a key and an adjustable 
indexed centering hub and pin. The whole assembly 
was mounted upon a large external power grinder 
in such a manner that the camshaft and master 
could rock back and forth while being held with a 
constant pressure against the grinding wheel. The 
precision was within +0.001 inch, quite satisfactory 
for large cams. It is of importance too as a variation 
of base circle or of ramp near point of intake-valve 
opening, can effect the timing of valve events at the 
ratio of 34° of flywheel rotation per 0.001-inch devia- 
tion. Base circles have been found as much as 0.008 
inch out of round and in such places that actually 
resulted in the entire camshaft being 6° out of time 
with a noticeably decreased power output even 
though properly timed according to conventional and 
available standards. 

The ensuing indicator diagrams were taken in a 
conventional manner, using 180 pounds per square 
inch, gauge, per inch spring for the power cards and 
a 10 pound per square inch, gauge, per inch spring 
for the valve cards. The valve cards merely represent 
the bottom of the power cards but enlarged at the 
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Effect of deep seating exhaust valve. 


ratio of 18 to 1. Of course, the top one third of the 
valve cards must be disregarded as compression was 
being undergone by a rubber snubber placed around 
the piston rod to gently snub and completely stop 
its movement during the time that the cylinder 
pressure exceeded approximately 8 pounds per square 
inch, gauge. Thus the top line, or explosion stroke, 
must be completely disregarded. The line falling 
from the upper right to the left represents the actual 
pressure within the cylinder during the exhaust or 
scavenging stroke. The reversal of the continuation 
of this line, from left to right, indicates the cylinder 
vacuum during the intake or filling stroke. Its sec- 
ond reversal, from right to left, shows the pressure 
buildup from negative to positive during the be- 
ginning of the compression stroke. The earlier the 
compression stroke crosses the atmospheric line the 
better the volumetric efficiency, and therefore, the 
greater the amount of combustible charge induced. 


Worn Cam 

Figure 3 is shown to illustrate the combined effects 
of a worn cam and a slightly deep seating exhaust 
valve. Card No. 3 is a valve card taken with the 
camshaft set for the intake valve to open 8° ahead 
H.D.C. or within a reasonable tolerance of the rec- 
ommended 10° ahead. The exhaust cam displayed 
no appreciable wear, yet it existed sufficiently so 
that no reserve contour was left to offset a small 
amount of seat wear. The 434 pounds per square 
inch, gauge, pressure in the cylinder indicated a 
partial retention of burned gases which upon re- 
expanding prevented entry of a portion of the fresh 
charge. Replacing of seat and replacing of valve did 
not entirely correct the situation, closure was still 
early. Retarding of the camshaft 4° produced the net 
results shown by comparison with Card No. 4. 
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Effect of extreme retarding of both cams to compensate for hardly 
noticeable wear. 


Cards No. 1 and No. 2 of Figure 4 show the effect 
of retarding another camshaft 4°. This cylinder was 
weak but examination of valves, seats and camshait 
disclosed no appreciable wear. Valve cards and 
checking of camshaft timing proved that cam wear 
did exist. It was the investigation of conditions like 
these that led to the fabrication of the improvised 
cam-testing jig and experimentation to determine 
how late the intake valve could be closed in order 
to secure a maximum of combustible charge yet lose 
no appreciable amount of this charge in case the 
engine should operate considerably under speed. 

New camshafts were secured and their perforn- 
ance and characteristics carefully checked in an er- 
gine selected as a “guinea pig” because of its acc- 
rate indicator motion and facilities for varying the 
compression loading. Camshaft timing was agail 
checked in many settings, both early and late, and 
the indicator valve cards analyzed as well as power 
cards being compared. The camshaft we desired 
would require three changes: an earlier-opening and 
closing exhaust, and a later closing intake. Grapht 
cally the intake valve was closing at about the propet 
time, but actually it seemed many degrees early. 

Our first job was to build up one side of each cam, 
without excessive distortion from heat. The opening 
side of the exhaust cam was built up slightly, the 
closing side’ of the intake cam, more. Then both 
cams were ground, one half at a time, using small 
wheels and the same size follower and maintaining 
the proper cam contours, follower acceleration, am 
velocity. When the job was done, which includet 
considerable hand filing, checking in the jig, et 
the cams were ground a total-of 0.060 inch under, bu! 
the cam spread and their, relationship to each other 
was somewhat changed. 

The results were as shown in Figure 5. The engin¢ 
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had been one of our best. Now, with 14 percent addi- being converted to what we now term 100 percent 
tional power output would the frame and bearings defense work, we did not then have sufficient time 
hold up, and if so, how about the heat transfer to completely explore the field for a suitable hard 
i @ through the rings? Well, to shorten the story, that surfacing material. We underground one set of 
4 was 25 months ago. To date there has been no un-_ camshafts sufficiently to make our desired changes 

usual maintenance, and bearings, rings and valves’ and found it necessary to go to the extent of 0.400 

are holding their own. Of course, the maximum ex- inch undersize in base-circle diameter. They, too, 
‘ard  plosion pressures and total thrust upon the bearings proved quite satisfactory so a year ago after having 
is no greater under the greater load at rated speed had some half dozen rebuilt and converted shafts in 
than is sometimes encountered at subspeed opera-_ successful operation for a year, the work was re- 





ect 


was | won. This had been predetermined. sumed. 
haft ‘ Figure 6 includes both power and valve cards 
and Maximum Power taken on an engine before and after some of the 


year It is desired to stress one point. In all these cases heavily underground cams were installed. The valve 
like | Where comparative cards are shown the engines timing, acceleration, etc., are the same as for the 
ised @ always had timing and fuel mixtures adjusted for cards shown in Figure 5 with the rebuilt cams. 

nine | ™aximum power, and were loaded but operating at Figure 7 displays power cards from a unit which 
rder fj the same rated speed unless otherwise specified. for various reasons is sometimes operated up to 10 
lose { With the exception of the camshafts no mechanical percent above rated speed. No adjustments were 
the | changes, even that of a spark plug, were permitted made between the taking of Cards No.2 and No.3 as 























































; while these tests were being made. is shown by the apparently late ignition of Card No. 
yrm- As the machine shop in which the original work 3. The lowered compression pressure, maximum ex- 
en- @ Of regrinding was done, two years ago, was rapidly plosion pressure, and M.E.P. show the effect of 
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FIGURE 7 
















Effect of regrinding 0.400-inch under and a. NE I5L 180 LB. SPRING 
increasing speed 10 percent. ORIGINAL CAMS 
ENGINE SPEED = 200R.PM. 
M.E.P = 85.0 PSIG. 1.E.H.P= 109.1 
ATM. 7 

insufficient time for complete S° AHEAD H.D.C Bo . 
filling of the cylinder by the —— 
fresh combustible charge. LBS. N2 I5L I80OLB. SPRING 







Metallurgy 
Now then, to touch the fringe 
of metallurgy envolved in re- 
building cams. As far as results 
are concerned it apparently 
makes no difference whether 
you undergrind, within limits, ATM 


CAMS REGROUND TO 0.400" UNDER 
ENGINE SPEED = 200R.PM 

M.E.P = 91.3 PSIG. 1.E.H.P =119.8 
POWER INCREASE =10.0% 





or completely rebuild and re- 
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grind—it is the shape of the cam 
that counts. 

Most cams are forged steel, 
usually a low-carbon steel, some 
are surface hardened, some are 
not. The hardness may vary from 
130 in some to 600+ Brinell in 
others. The average of my ex- 
perience has been under 200 Bri- 9I 
nell. At this hardness the cams 
are soft enough to have under- ATM: 


LBS. 
2507 







N° 1I5L  I80LB. SPRING 

CAMS REGROUND TO 0.400"UNDER 
ENGINE SPEED= 220R.PM. UP 10% 
M.E.P =84.2 PSIG. LE.H.P= 118.8 





gone wear, apparent or other- 
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wise, in 10 years of operation. A 
good chromemoly rod, applied 
with either torch or arc, may attain a hardness of 300 
Brinell. The real hard facing alloys are fine, if your 
priority will secure them and you can get wheels to 
grind it. The irregular shape of camshafts cause most 
of the heat treaters to talk about distortion and the 
added cost of straightening within + 0.003 inch which 
is not close enough. 

Plain flame-hardening performed by experienced 
men and followed by an air quench, then stress re- 


RELATIVE SIZE AND SHAPE 
CAM AND MASTER CAM 7 


ACTUAL CAM SHAPE 
THEORETICAL CAM SHAPE 


LOBE 





RAMP OR 
TRANSITION) 





Use cigc® 


~ CAM 










MASTER CAM 


lieving, was the answer to our problem, and it raised 
the Brinell hardness of the cam faces from 190 to 
500+ with no distortion. 

A natural question arises, “Is it worth while to 
go to the necessary expense and work at this time 
to revamp some old engines?” The answer is if in- 
stalled direct-connected compressor capacity 1s 
worth $50.00 per boiler-horsepower now, our addi 
tional boiler-horsepower thus gained has cost much 

less than 10 percent of what it is 
—— worth. 

It is my desire to mention the 
assistance in this work of Mr. 
Bennett Schock, of General Pe- 
troleum Corporation, for his time- 
ly suggestions, untiring assist- 
ance, and limitless patience m 
testing of the “guiena pig” engine, 
and Mr. Arthur Bender, of H. D. 
Biggs & Son, for making avail- 
able his experience in producing 
that funny looking master cam 
and really placing this cam fe 
grinding on a production basis. 


FIGURE 8 
| Comparison of actual cam and master com. 
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Use of Interrupting Devises in the 


Clearing of Electrical Circuits 


WAYMAN A. HOLLAND 
Switchgear Division, General Electric Company 


eats there is always the possibility of a 
fault, or short circuit, in any electric circuit, interrup- 
ting devices are necessary to clear such faults which 
might otherwise damage equipment. The interrupting 
device must have adequate “IC” (interrupting capac- 
ity) to clear the circuits safely and quickly, and must 
also have sufficient momentary capacity to withstand the 
effect of the maximum short-circuit current the circuit 
can develop. 

It is necessary to know how to calculate the short- 
circuit current and the following describes a simple 
method for doing it. Ratings and reactances of the 
machines involved must be known (data on genera- 
tors, transformers, and motors can be obtained from 
their manufacturer) ; and also the reactances of cir- 
cuits (calculated from rules not given here). 

Step 1: Ascertain the total reactance to the point of 
the fault. 

(a) “Percent” and “Per-unit” terms. 

It is common practice in a-c calculations to refer to 
reactance only, usually in percent. This means that 
the reactance is such that with rated current the drop 
due to the reactance is that percentage of the normal 
voltage. More recent practice is to express the per- 
cent value as a decimal, a 12 percent reactance, for 
example, becoming a 0.12 per unit (p. u.) reactance. 

(b) Conversion to base kva. 

In data giving percent or per unit reactance, the 
value is based on the kva rating of the machine re- 
lerred to. The p. u. value, based on the normal current 
at one kva, will be different at any other. Consequent- 
ly, before combining the reactances of a number of 
elements of a circuit, it is necessary to convert them 
toa common or base kva. For this base kva any conven- 
ent figure may be chosen. Usually it is the kva rating 
ot one of the machines on the system, or the total kva 
of the system, or of the part of the system being con- 
sidered. 

Conversion is accomplished by dividing the base 
kva by the kva rating of the machine in question and 
multiplying the result by the given p. u.-value. 

(c) Conversion of ohms to p. u. 

Sometimes, especially of cables, the reactance is 
given in ohms, This is changed to p. u. terms by the 
lormula : 
base kva X 1000 X ohms 
Volts 2 

(d) Total reactance to point of fault. 

This is found by adding the p. u. values of the vari- 
ous elernents in series, after converting them to the 
base kv: 

. Where two or more generators or circuits operate 
1 parallel, their individual reactances must be com- 
ined into a single equivalent for adding to other re- 
actances in series. This is equal to the reciprocal of 


p.u. at base kva = 
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the sum of the reciprocals of the individual p. u. 
values, such as for example: 
1 

7 23 a, 

xy. * Bee 
where X,, X,, and X, are the values of the reactances 
of the individual machines (all converted to the base 
kva). 

Where low-voltage devices are to be installed in a 
system served by a power transformer fed by a sys- 
tem whose total reactance to the transformer is not 
known, it is sometimes the practice simply to assume 
the transformer as the source, and thus to assume 
the transformer reactance as the total. This is con- 
servative practice as it gives the maximum possible 
short-circuit current. 

A practical assumption is that the interrupting 
rating of the device controlling the primary (usually 
known) is the limit of power available. This then is 
the base kva, with p. u. reactance of 1.0. The p. u. of 
the transformer, given at the transformer kva rating, 
converted to the base kva and added to the unity of 
the base reactance, give the total reactance to the 
transformer secondary terminals. 

Step 2: Find the symmetrical short-circuit current by 
dividing the normal base current (the normal current 
corresponding to the base kva) by the total p. u. re- 
actance. 

Motor Contributions: When short circuits occur, mo- 





Multiplying Factors and Apparatus Reattances to Use for 
Interrupting-Device Selection 

















MULTIPLYING 
FACTOR! REACTANCES 
Inter- |Momentary Synchronous} 
rupting Current | Synchronous otors and | Induction 
Interrupting Device Capacity | Capacity enerators | Converters | Machines 
Fuses (15,000 volts and 
below, installed remote? 
from generating station 
or substation bus)... .. 1,22 1,22 Subtransient|' Subtransient} Subtransient 
Low-Voltage Air Cir- 
cuit Breakers......... 1.25 1.25 Subtransient| Subtransient| Subtransient 
Power Circuit Breakers 
(8-cycle opening)...... 1.0 1,63 Subtransient 4 5 




















1 The symmetrical short-circuit current calculated as explained in the text is to be multi- 
plied by the factors given in this table for finding the required capacity of the interrupting 
devices to be adeued. 

2‘Remote” means at sufficient distance from the greater or substation bus that the ratio 
of the over-all reactance to the over-all resistance does not exceed four. Under other con- 
ditions the multiplying factor should be 1.6. 

3 This factor of 1.6 is for the general case, for power circuit breakers. In circuits at 5,000 
volts and below a factor of 1.4 can be used, unless current is fed predominantly directly 
connected 4 eppempeme machines, or by synchronous machines through current-limiting 
reactors only. 

4¥For synchronous motor and synchronous converter symmetrical short-circuit current 
contribution the following reactances should be used for power circuit breaker selection: 

For interruplis GOGROU 3 oi. 5 6 60s 66 bec odin eves hae wala nde w hae Transient reactance 
For momentary current capacity...............e.eseeseeee Subtransient reactance 

5 For the interrupting capacity of power circuit breakers the short-circuit current contribu - 
tions of induction nes are not considered; for calculating the momentary current ca- 
pacity, the subtransient reactance is used. 
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Indoor unit substation with drawout air circuit breakers, and self-cooled 3-phase pyranol transformer, 122 kva, 13.8 
(delta) to 440 volts, 60 cycles, GE Type HT. 


tions, equal in each case to the motor normal current 
divided by the motor subtransient p. u. reactance. 

Step 3: (Final). Total asymmetrical short-circuit 
current. 

At the inception of the short circuit, there is usual- 
ly an “offset” component added to the symmetrical 
current of Step 2. This decays quite rapidly, but its 
addition to the symmetrical current makes up the 
total current which must be taken into account in the 
application of interrupting devices. The value of this 
total current is calculated by multiplying by certain 
factors summarized in the tabulation and explained 
as follows: 

(a) Fuses (15,000 volts and below): 

Where these are installed remote from a-c genera- 
tors, the required interrupting capacity is found by 
multiplying the calculated symmetrical short-circuit 
current by 1.2. “Remote” in this case means, applied 
at sufficient distance from the generator or substation 
bus, that the ratio of over-all reactance to over-all 
resistance does not exceed 4. Under other conditions, 
the multiplying factor should be 1.6. 

The motor contributions should be added before 
applying the multiplying factor. 

(b) Low-voltage air circuit breakers (600 volts and 
less). 

For both the interrupting and the momentary cur- 
rent capacity required, multiply the symmetrical 
short-circuit current by Step 2 (after adding motor 
contributions) by the factor of 1.25. 

With the modern breakers properly coordinated 
for fast interruption, a “cascade” or “back-up” ar- 
tors in operation from the same source become gen- 
erators for the time being and add their contribu- 
rangement may be used to permit the use of backed- 
up breakers for short-circuit currents in excess of 
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their interrupting ratings. In this arrangement the 
breaker connected directly to the source of power 
must have full interrupting capacity equal to 1% 
times the calculated symmetrical short-circuit cur- 
rent. The second breaker in the cascade, backed up 
by the first, need have only half this capacity (that is 
to say, it may be applied up to twice its interrupting 
rating), while a third breaker, doubly backed up by 
the first, or main, and the second breakers, need have 
only one third as much (or it may be applied up to 
300 percent of its interrupting rating). 

A cascade arrangement clearly results in an econ- 
omy in investment of breakers, but it should be em- 
ployed only with properly coordinated breakers. 

(c) Power circuit breakers 

The interrupting-speed rating of power circu 
breakers most commonly used is 8 cycles, and for 
such breakers the multiplying factor for interrupting 
current capacity is 1.0. 

In addition to the required interrupting capacity, 
these breakers must have a momentary capacity sul- 
ficient to withstand the total inrush current. For get- 
eral cases this is 1.6 times the calculated symmetrical 
current, but for circuits at 5000 volts and below, ut 
less the circuit is connected directly to generators, 
or to generators through reactors only, this multiply: 
ing factor is 1.4. 

Contributions from induction motors may be neg 
lected in figuring the interrupting capacity of powe 
circuit breakers, but they must be added to the sy™ 
metrical current before applying the multiplying fac 
tor to get the momentary-current capacity. ; 

In the case of synchronous motors, interruptin= 
current contributions are based on transient react 
ance, while the momentary currents are based on sub- 
transient reactance. 
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Boxy frequently, the draftsman working on 
power-plant piping and ship piping layouts encoun- 
ters the problem of determining the length of a pipe 
which extends in two planes. The common method 
of solution involves layout and projection which may 
be lengthy and laborious. The method derived and 
explained here has been found by the author to be 
both direct and simple. 








Method for Detailing Pipe Bends 


Extending in Two Planes 


angles BEC and BED. It then follows that: 


BE 
(1) Cos z=—— 
BC 
But, BE= BD Cos x; and BD= BC Cos y 
Hence, BE = BC Cosy Cos x 
By substitution, formula (1) becomes, 


(2) Cos z=Cos x Cos y. 
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Figure 1 is a pictorial view showing lines AB and Formula (2) is in convenient form for use in de- 
city, @ BC intersecting to form the angle z. Angles x and y tailing the pipe shown in Figure 3. 
“a are formed by the intersection of lines AB and BC To illustrate the application of this formula, we 
el with the horizontal. shall solve the following problem: 
, un Figure 2 is an orthographic projection of these Ab=10’3” BC=12’5” x=—50° y=—65° R= 60” 
tors, lines. The top view shows the true length of AB, By formula (2), Cos z= (Cos 50°) (Cos 65°) = .2716 
iply Mf while the front view shows the true length of BC. Angle z = 74° 14’ 
neg: Figure 3 is the true layout of the pipe. In order Referring to Figure 3, T=R Tan z/2 = 2’/—11 13/32” 
owet #0 determine lengths in this figure, we must know P=?’—3 3/32” ; S== 9’—5 3/32” 
sy™ angle z. The formula for angle z is derived from L =7Rz/180 = 6’—534” 
fac Hi Figure 1 as follows: The total length of pipe will then be 23’—1 15/16” 
ting- Cons’ uct a plane through DC, perpendicular to Thus, Formula (2) lends itself to valuable use 
eact: MMe line AB. This forms two right angles at E; when combined with standard formulas. 
sub- 
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Proper Installation and Care 
Lengthen V-Belt Lite 


ELTON STERRETT 


= more vital in V-belts than in tires, rubber 
is the flexing agent, binder and wearing surface, and 
without it the continuous type of V-belt would fall 
far short of performing its part in keeping equipment 
of the refining industry turning. 

Rubber binds together in a tenacious yet yielding 
bond the cords which give the belt its resistance 
against stretch, it forms the outer section which must 
elongate at each sheave distortion and return to 
normal length on the straight-away, it powers the 
gripping areas which contact the faces of the sheave 
groove, and it protects the fabric or cord carcass 
against water, weather and grit. Rubber, natural or 
synthetic, is indispensable to the continuous V-belt, 
and shortages or restrictions in rubber supply are 
quickly reflected in V-belt stocks. This condition 
makes it imperative for every user of V-belts, every 
operator whose equipment includes one or more of 
these vital units, to adopt every means which will 
prolong the life of present equipment. 


Installation 


Proper installation is of prime importance in ob- 
taining maximum life from the drive. Because the 
V-belt is highly flexible in all directions save parallel 
to the drive, in contrast to the relative lateral rigidity 
of flat belts, some users séem to be of the opinion 
that the belts will automatically compensate for 
slight misalignment, shaft center variations and 
other supposedly minor inaccuracies. 


True, the V-belt will take up these shortcomings 
in drive planning and installation, but only on the 
payment of a high premium in shortened life. If the 
V-belt drive be considered as much of a precision 
drive as a chain or gear drive, and the same care and 
attention be devoted to insuring three-plane align- 
ment of the set-up, the belts are called upon only to 
transmit the required horsepower, and should reach 
maximum service life. Shafts of driver and driven 
units should be parallel and the center distance the 
same at both ends of the shafts; sheaves must be 
accurately centered and properly set on the shafts, 
and the center lines of individual V’s on driver and 
driven pulleys should coincide. Such a drive setting 
insures (assuming new, standard sheaves) that each 
belt of the drive, whether two or a dozen be used 
to transmit the power, will be of the same length, 
and will travel exactly as far as does its neighbor 
with each revolution of the driving pulley. With such 
a setup, and using factory-matched belts, slipping 
in the sheave grooves is reduced to a minimum, and 
consequent wear of the side wall or gripping area 
practically eliminated. 

Installing belts on such a drive calls first for short- 
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ening the center distances—by moving one or both 
units on their foundations—so that the belts can be 
laid in place. Usual recommendation of drive layout 
is to provide one fifth the adjustment travel toward 
the other sheave, four fifths in the opposite direction 
being used to take up belt slack. When the belts are 
all laid in the grooves of the fixed sheave, varying 
amounts of slack or sag will be apparent over the 
span of belt between the two pulleys. It is fatal to 
proper belt service simply to tighten the drive when 
this condition exists. 

Time spent in adjusting the tension on all the belts 
to give uniform initial pull on the driving side will 
distribute the load evenly across the drive, and in- 
sure equal wear on all the unts. Since the V-belt can- 
not slip around the groove in either sheave to adjust 
itself to the tension in adjacent belts, some mainte- 
nance men adopt the practice of blocking the belts 
in the grooves of the larger or fixed pulley so there 
can be no slip or shift while checking tensioning. A 
piece of 2x4 timber, notched to fit over the pulley and 
apply pressure against the belts, may be held in 
place with a jack or wedges, and afford a fixed point 
from which the tensioning may be checked. 


Then, taking each belt in turn at the other sheave, 
the upper span is pulled tight and laid into the sheave 
groove, being patted or forced into the groove to 
prevent loss of tension. The slack on the opposite 
side of the belt should hold this tension unchanged, 
once the belt is placed. When this operation has 
been performed on each belt in turn across the drive, 
the tops of the tight sides should lie in one plane, and 
should have uniform resistance against vertical de- 
flection. 

When the belts have all been placed so as to have 
apparent uniform tension, and while the one sheave 
is still blocked with the belt-retaining device, the 
drive should be adjusted to take up the slack existing 
in the lower parts of the belts. Since one sheave 's 
free to revolve as this adjustment is being made, all 
belts should retain their initial tautness. Then, fe 
moving the retainer, all belts should show uniform 
sag under a specified loading. 


One check for this before putting a drive into serv- 


ice may be made by laying a straightedge across the § 


drive, and hooking a weight on each belt in tur. 
Measurement of the deflection will afford accurate 
indication of the accuracy of the initial tensioning. 
Should one or more belts show appreciable varia 
tion (one used specifies 1/16 inch per foot of spam 
under loading with 10-pound weight on C section 
belt) the belt or belts showing excessive sag should 
be readjusted and the variations ironed out before 
putting power on the drive. : 
A simple method of insuring belt-tension eualiz® 
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tion has been worked out by one drilling contractor 
for use on his drilling-rig drives which gives uniform 
belt joading and requires less time than the weight- 
check described above. 

The line through the centers of the driver and 
driven shafts is extended to the rims of the sheaves, 
and a narrow line scribed or painted across the units 
parallel to the shafts. The distance between these 
pairs of lines is therefore the same, top and bottom. 
The V-belts are likewise marked accurately into 
halves, with lines across the outer or flat surface so 
that the distance between them is the same, meas- 
ured on either portion. 


The inner belt of the drive is then laid in place, 
slack having first been provided by moving the ad- 
justable pulley toward the other to permit this to be 
done, one mark on the belt being so placed as to 
coincide with the scribing on the fixed pulley. The 
other belt mark is aligned with the corresponding 
mark on the movable pulley, and the other belts then 
laid in place with the corresponding pairs of belt 
marks aligned with the pulley guide scribings. This 
method insures the same amount of belt being ap- 
plied between marks, with the result that when the 
drive is tightened the slack is uniformly distributed. 


On some drives, to prevent possible shifting of 
belts as subsequent units are put in place, the ad- 
justable sheave is rotated so as to bring the upper 
side of the drive approximately taut and flat, and 
the shaft then blocked so that the unit cannot re- 
volve and return slack to the tight side. Subsequent 
belts are then laid on and tightened by hand until 
the midway division marks coincide with those on 
the sheaves, this putting the same tension in all belts 
successively. Success of this method lies in the block- 
ing of sheaves so they cannot turn and thus feed 
back slack, and in the proper settling of the arc of 
contact of each V-belt with its corresponding sheave 
groove. 

An approximate method of equalizing belt tensions 
is used by one company, employing V-belt drives on 
all motor-driven pumping units. An old lawnmower 
is the adjusting tool; the mower being reversed 
under the drive so that the ball-bearing wooden 
roller may be brought up against the under side of 
the drive by pressing down on the handle. The drive 
is then adjusted so as to introduce extra slack in 
the belts, the roller used as idler, and the belt which 
is tightest, and thus running ahead of its neighbors, 
is thereby overloaded and made to slip in the 
grooves until the load is divided fairly evenly. Weight- 
checks of belts for tension after tightening the drive 
again show that this temporary application of an 
idler will compensate for most of the slack in drives 
using D or E section belts, and will work even better 
on C or smaller sections. 


Need for Tensioning 


Because many V-belt drives operate over long pe- 
tiods with considerable sag in the slack side, it is 
sometimes difficult to get operators to maintain 
Proper belt tension, especially on drives with rapidly 
changing characteristics or heavy shock or impulse 
in the driven unit. Unless the drive is properly ten- 
sioned. so that the shock is transmitted directly to 
the driving unit, the belts are subjected to excessive 
longitudinal snap or stress, and may break even as a 
loose siring may be snapped under sudden jerk when 
greate: force, applied gradually, is easily sustained. 
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Proper Installation and Care 
DO AND DON’T 


Do not allow oil, grease or gasoline to come in 
contact with belts. Avoid exposing belts to 
sunlight and excessively hot or cold weather. 
Insure proper sized pulleys for drive. Too 
small pulleys shorten belt life. Provide take- 
up facilities. The initial setting should allow 
1/5 motion toward driven unit, 4/5 for belt 
take-up. 

Avoid heavy overloads. Add one or more belts to 
initial set-up if loading is increased. 


Don’t leave tools or other objects where they may 
fall into and damage belts. 


Avoid abrasion against nearby objects. Slight 
shaft misalignment may set up destructive 
side-sway and intermittent contact. 


Do not force belt onto sheave with tools of any 
kind. Slack off on take-up and Jay belt in 
grooves. 


Work belts around grooves until all the slack is 
on one side of the drive, and then tighten 
take-up to secure desired tension. 

Use sufficient number of correct-sized belts to 
handle maximum load. Check to insure 
sheaves being over accepted minimum diam- 
eters for belt size and type used. 

Design new drives to call for standard size and 
length of V-belt with adequate adjustment 
for stretch. 

Prevent V-belts from bottoming in grooves. Bot- 
tom friction sets up destructive heat, greatly 
shortening belt life. 


Do not use belt dressing. If belt slips, clean with 
rag moistened with high-test gasoline (clear, 
not Ethyl) and tighten drive slightly. 


See that all sheave grooves are clean, free from 
burrs or nicks and excessive wear. Replace 
sheaves and check alignment periodically. 


On failure of first belt in drive, renew throughout. 
Save other worn belts for replacements as 
second set shows signs of excessive wear. 


Before starting drive first time, check: (1) pulley 
alignment; (2) bearings for oil; (3) drive 
clearances. Adjust so that at full load only 
slight bow or sag appears on slack side. 

Vertical drives, extremely short-center installa- 
tions and drives for pulsating loads where no 
flywheel can smooth peaks must be operated 
more tightly than others. 

Check for odor of hot rubber. If this persists after 
first few minutes of operation, drive should 
be checked throughout for cause and diffi- 
culty corrected. 

Belts should be stored uncoiled; preferably hung 
over forms of minimum pulley diameter or 
larger, and in a cool, dark and dry place. 
Do not hang spare belts on nails or loop over 
pipes or single board suports, and do not tie 
together tightly with cord or wire. 


Protect against acid fumes, smoke and dust. 
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If belts break with abrupt section, almost as though 
chopped with an ax, the drive should be checked for 
sudden impulses, and ‘the tension adjusted tighter 
than would be the case were even torque being trans- 
mitted. 

Tension should be applied or the drive adjusted 
until slip is eliminated. This can be checked best by 
taking the speeds of driver and driven shafts and 
verifying against computed speeds from pitch circle 
diameters. When but little slip is indicated by this 
method, a very slight change in shaft distances by 
adjustment of movable unit should be made. Too 
much change at this point will overstress the belts 
and result in premature failure. 

Following the placing of the new drive and the 
initial tension adjustment, additional adjustment will 
be required after a brief running-in period. On drives 
in continuous operation with even torque, 48 hours is 
probably sufficient time to elapse before checking. 
During this interval the relatively soft outer surface 
of the rubber, bloom from the vulcanizing, dust and 
other material loosely adhering to the belt walls will 
have worn off, permitting the unit to seat slightly 
deeper in the sheave groove than initially, and thus 
introducing excess slack. Unless new belts are ad- 
justed thus after a brief running-in period, burning, 
slipping and other damage is apt to impair the belt 
and greatly shorten belt life. 


Old Sheaves 


On a new drive, sheave grooves and belt cross- 
sections are usually properly mated, and correct con- 
tact areas are thus assured. When placing new belts 
on old sheaves, however, it is not safe to assume that 
conditions are uniform. One or more grooves may 
be worn excessively, one side of the casting may 
have been finer grained than the other—sometimes 
the case when sheaves are cast in job foundries and 
adequate precautions are not taken to insure uni- 
formity—and the wear in the different grooves will 
give varying pitch diameters. 

Before installing a replacement drive, the sheave 


grooves should be checked with a template or jiz to 
determine: (1) depth; (2) straightness of groove 
side walls; (3) angularity of sides; (4) possible ad- 
herence of bits of rubber to the groove walls, causing 
scuffing or pulling of belts. If the grooves do not all 
show uniform pitch circles, as indicated by the level 
which the gauge takes in the grooves, it is readily 
apparent that the various belts are running at dif- 
ferent speeds, and that only by slipping of some 
belts can the entire drive rotate at a given speed, 
Such a condition is frequently detected on a drive 
where initial installation did not include equalization 
of belt tension, or where the two shafts or sheaves 
are not exactly in line. 

Where excessive sheave wear is found, the relative 
scarcity of belt material over sheaves should call for 
sheave replacement whenever possible. If replace- 
ment is not feasible, care should be exercised in hay- 
ing the sheave turned to proper groove form. On a 
large sheave, removal of even the relatively small 
amount of metal necessary to true the grooves may 
so reduce the pitch diameter of the unit as to exceed 
the capacity of the belt adjustment provided on the 
driving unit. 

Large sheaves can be built up by metallizing, weld- 
ing or brazing, or, if the sheave be large enough, the 
grooves may be partially filled and then turned to 
give bottom contact only and thus to transform the 
unit from V-v to V-flat drive. This is especially ap- 
plicable when the reduction is of the order of 5-1 
or greater, and the center distances between shafts 
is not appreciably greater than the diameter of the 
larger sheave.* 


Only when the sheave must be turned down be- 
yond the adjusting limits of the normal drive should 
a tightener or idler pulley be used. The use of the 
idler outside the drive introduces backbend of great- 
er or less intensity into the belt, throws compressive 
stress into that portion of the belt designed and fab- 
ricated to sustain stretch only, and in like manner 
tends to stretch the inner portion of the V, which is 
built to resist compression only, and which there- 
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Typical V-belt cross sections in standard width 
and thicknesses. Table shows application of 
each belt size to transmit tabulated horsepower 
at specified speed of small sheave. If division 
of drive horsepower by indicated power of cer- 
tain belt leaves fraction over, another belt 
should be added to drive. Further overbelting, 
as advocated by M.V.B.D.A., stiould also be 
included if possible to extend life of drive. 
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TABLE 1 


Factors for Belt Horsepower under different applications. 



































ELECTRIC MOTORS ENGINES 
AC. D.C. 
Squirrel Cage Synchronous Single Phase Gas and 
Diesel 
Normal Normal is 
Torque Torque Wound Repulsion 4 or More Line Shafts 
Line Compen- High Rotor Normal High and Split Shunt | Compound|Cyl. Above and Clutch 
APPLICATIONS Start sator Start} Torque | (Slip-Ring)| Torque Torque Phase Capacitor | Wound Wound 00 Rpm. | Steam Starting 
NR 06s xc oxsateees a 1.4 14 ee 1.5 1.5 1.2 1.2 1.2 KA 1.2 ey ee 
Generators and Exciters........ 1.2 aes oe ¥ Gases Ey meine ey 1.2 Cy 2.0 1.4 1.4 
RONEN. 3 50. sie t'a eis abies mad 1.4 1.4 oe 1.4 1.4 2.0 14 1.4 14 1.4 1.6 1.6 1.6 
Machine Tole. 0.0... cccccccce 1.2 SRS bbe 1.4 ‘Go Ke 1,2 1.2 1.2 1.2 aire oe av 
Fans and Blowers.......... 1.6 1.6 2.0 2.0 2.0 2.0 avs ty 1.4 * 1.6 1.5 1.5 
Pumps, Centrifugal........... 1.4 1.4 1.4 1.6 1.6 1,8 1,2 1,2 1.2 2.0 2.0 
Ree PP ee bn. “hy pe ooce rr ina pies aw Sine bs 
Units (Ind.)..... 









































Showing the factor by which the indicated horsepower of the drive should be multiplied before dividing by the indicated horsepower per belt to provide for excess loading through individual 
drive characteristics. Thus a unit requiring 200 horsepower to operate maximum should have 200 x 1.8 or 360 horsepower in the V-belt drive if from high-speed diesel or gas engine. 


fore is built up of fabric or cord plies without suffi- 
cient rubber interposed to absorb the reverse flexing 
demanded by the idler. 


Belt Guards 


Any V-belt drive should be guarded, both as pro- 
tection against accidents to operating personnel, and 
to prevent the damage of the drive through objects 
falling on it or becoming entangled with the belts 
and carried over the sheaves. Sunlight, heat, dust 
and oil are all enemies of the rubber in the belts, 
and should be excluded whenever possible. The pro- 
vision of a proper guard should be considered a part 
of the drive installation, and the guard maintained 
at full effectiveness to insure drive efficiency. 


Care must be exercised when installing a guard to 
provide proper ventilation. A drive totally enclosed 
cannot dissipate the heat generated by contact be- 
tween belt and groove walls, and the cumulative ef- 
fect gives a temperature rise which soon injures 
belts, softens the binder, and if not corrected, results 
in drive failure. The normal V-belt will stand oper- 
ating temperatures up to 140° F., and special belts, 
designed and compounded for high-temperature op- 
eration, may be run at temperatures of 170 to 200° 
F., without injury. It should be borne in mind, how- 
ever, that temperatures in excess of 100° F. hasten 
oxidation of the rubber and thus tend to accelerate 
deterioration. 

Rough check of the temperature of a drive may 
be obtained by holding the hand against either sheave 
immediately after shutting down the drive. If no heat 
is radiated or conducted from the driver or driven 
mechanism, the sheave should not feel more than 
moderately warm. If the sheave feels hot, it is evi- 
dence that the temperature is well above safe oper- 
ating values, and the drive should be corrected. 
Where the drive is from an internal-combustion en- 
gine, and the jacket water temperature can be deter- 
mined, it is relatively easy to compare the heat of the 
sheave with that of the engine jacket, and thus to 
determine the amount of excess heat to which the 
drive is being subjected. 

Guards should provide ventilation. If the guard en- 
closes the drive and is open toward the motor on 
electric drives, care should be exercised to see that 
the drive is not on the exhaust side of the motor 
Ventilating system, or the guard will tend to trap 
the hot, dry air from the motor around the belts, thus 
aggravating the heating effect. Where this condition 
cannot be avoided, the guard should fit closely 
around the shaft on the motor side, and should be 
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open only where the danger of forced hot draft is 
not present. 


If, for protection against external objects, both 
ends of the drive must be closely enclosed, either the 
bottom of the guard should be left off, or adequate 
louvres set in the sides. One drilling contractor in- 
sures ventilation for his compounding drives by 
welding a 3-foot stack of 6-inch pipe atop the high 
end of the guard, with a 45-degree elbow at its top 
to divert rain and possible falling objects. The nat- 
ural draft up this low stack is sufficient to insure 
fresh, cool air being drawn in at the bottom of the 
drive case. 


Another method of insuring drive ventilation is to 
mount a narrow fan on the driver shaft alongside the 
sheave, a simple paddle-wheel fan setting up an air 
current which, if directed by the guard, will carry 
off much excess heat as it finds its way through 
louvres or apertures in the guard. 

Metal is a better material for guards than wood, 
the use of ordinary corrugated roofing for sides’ be- 
ing ample for normal protective purposes, and offer- 
ing considerable radiating surface for the dissipation 
of drive heat. If carried on sucker-rod or pipe brack- 
ets, with two or more longitudinal braces, this same 
material is amply strong to protect the drive against 
any impact save one severe enough to crush even a 
heavy structure. 

Where the drive is initially adequate, but eventu- 
ally shows high replacement demand, check of the 
total load frequently brings to light the fact that the 
initial loading has been increased, and sometimes 
more than doubled, by the addition of additional 
units, or in the case of wells, by the drop in fluid 
level as a field approaches depletion. 

Even where no overloading is present, but the 
drive is being operated at full computed horsepower, 
statistics developed from tests run by the engineer- 
ing research bureau of the Multiple V-Belt Drive 
Association? show that, if 10 belts of a given cross- 
section will fill the normal requirements for a certain 
drive, adding 1 belt will increase the life of all the 
belts by 40 percent, and that the use of 2 extra belts, 
or a 20 percent overbelting of the drive, will give 
double the life of the drive as originally designed. 
Likewise, removal of 1 belt from the initial set-up will 
result in the failure of the remaining 9 after an oper- 
ating life of only 65 percent that expected from the 
10. If the initial set-up be but 5 belts, removal of one 
will result in cutting the drive life to but 40 percent 
of that originally planned. These figures show the 
wastefulness of the usual oil-field practice of continu- 
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Prying the belt on tends to break down the compression section, introducing a weak spot which imposes shock on 

the cords and calls for early replacement. Top right shows groove wear on old drive. Attempt to use new belts with 

this sheave would quickly break down side walls or permit bottom friction and heat damage. Lower left shows side 

wear between groove and belt when shafts are not properly aligned. Lower right shows how in properly aligned 
drive belts carry drive loading only. 








ing to operate the remaining portion of a drive after 
the failure of one belt. Even if the remaining belts do 
not fail by breakage before the full complement is 
again restored, the stretch and overstress imposed 
on the belts will greatly shorten their useful life. 

Due to the overstressing imposed on one new belt 
replacing one which has failed from an old set, it is 
frequently best practice to continue to operate the 
drive one belt short, rather than attempt to compen- 
sate for the overloading by one new unit. Since the 
old belts run lower in the grooves than new ones, the 
one replacement will ride high, travel faster, and 
carry much more than its pro rata share of the load. 
Cord rupture will probably relieve the belt of its 
overload after a short period of operating thus leav- 
ing the drive in effect one short, and thus illustrating 
the advisability of running in this condition rather 
than adding a new replacement. 

Where belts-are available, an entire drive should 
be replaced as soon as one unit fails. If this is done, 
the old belts should not be discarded, but kept as 
possible replacement units for other old drives of 
equal or lighter demand characteristics. This is espe- 
cially advisable for belts use<! to drive pumping units, 
where many premature failures are encountered due 
to abuse of the belts in storage, handling, or in- 
stallation. 

One company, having more than 200 V-belt drives 
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on its pumping units in one area, has set up certain 
tests and standards for checking belts removed to 
permit installation of complete units. In the central 
warehouse a standard sheave is bolted to a wall, high 
enough to allow the maximum belt to clear the floor 
when hung over it. A small sheave, likewise of the 
proper cross section for the belt being checked, is 
provided with a hook slung from a short cross shaft 
so that the sheave can be set into the lower loop of 
the belt and a standard weight placed on the hook. 
A scale, set into the wall and calibrated to allow for 
both sheave diameters, permits the reading of the 
exact belt length from a pointer carried on the ad- 
justable sheave shaft. The belt is then tagged to 
show its exact length under slight—and uniform— 
loading, and belts of equal length are collected into 
replacement sets which are found to give greatly 
extended life over haphazard replacement by belts 
chosen at random without previous checking. 

This same company subjects any belts which show 
suspicious elongation to a check which detects 1- 
ternal breakdown, cord rupture, ply separation, and 
other failure which is not visible, or tangible, on the 
surface. The belt is run over.a 6-inch flat pulley, 
while at the same time a spring-loaded pulley 1s held 
against the outside of the bend. A pantagraph pointer 
on the bearing arm of this pulley magnifies any var 
ation in pulley position, and thus indicates isregu- 
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larities in the belt cross secton. Thus a rupture in 
any bank of cord plies would result in excess com-+ 
pression of the belt under the pressure of the loaded 
pulley, and the incipient failure would be indicated. 
Likewise, slippage or distortion of one or more of 
the plies in the fabric envelope of the belt would 
cause a hump or bunch which also would be shown 
by pulley arm movement. Belts which show abnor- 
malities under this test are discarded or sent to scrap, 
as being too near ultimate failure to justify saving. 
Cutting of a number of belts at the points indicating 
trouble on the device bore out its accuracy, and thus 
enabled the company to eliminate double servicing of 
drives by preventing the attempt at using unservice- 
able but apparently sound belts. 


Belt Repair 


While it is theoretically possible to cut out a worn 
or damaged section from a V-belt and to vulcanize 
in a repair, the difficulty of obtaining a perfect match 
between spliced cross section and the original belt 
is so great as to rule such an expedient out except in 
extreme emergency. The ends of the splice, no mat- 
ter how expertly made, are apt to strike each sheave 
with an impact which, though slight, is cumulative 
in its effect at breaking down the unit. Even were 
the splicing such as to leave no shoulder or lap, the 
difficulty of matching original flexibility and stretch 
in the vulcanized repair is sufficient to rate possibility 
of success very low. 

If a broken V-belt must be spliced with a metallic 


Belt tightener on this drive on an oil-field 
power is set within the belts and applies ten- 
sion and bending of the same order as those 
from driver and driven sheaves. Extreme ac- 
curacy of belt manufacture to obtain uniform 
engths is shown by lack of vibration in lower 
belts at full speed and under maximum load. 


July, 193A Gulf Publishing Company Publication 


fastener, many users believe it advisable to cut the 
belt again exactly opposite the break, and then to 
use two splice members instead of one. In this man- 
ner they feel that the eccentricity of the drive intro- 
duced by the metallic element is counterbalanced and 
that the effect of centrifugal force through concen- 
tration of weight at the splice is equalized all around 
the drive. 

In a class with attempted repair, insofar as its ap- 
plicability to oil-field drives is concerned, falls the 
use of any type of belt dressing in a mistaken notion 
that such a procedure will increase the power trans- 
mitted by a given belt, or that such an expedient 
will take the place of proper tensioning through cen- 
ter distance adjustments. 

Dressing applied to the belts will make them tend 
to follow the groove on the smaller pulley past the 
point of tangency with the pitch circle of the driving 
unit. This introduces back bend in the belt, accelerat- 
ing breakdown, and also subjects the relatively light 
protection on the sides of the belt to transverse pull- 
ing or tearing. Eventually such operation will result 
in loosening of patches of the sidewall material or 
“hide” of the belt, with consequent irregular running 
and exposure of the interior to the effect of water 
and oil. 

Even V-belts compounded with a cover of oil-re- 
sisting rubber or natural elastics practically unaf- 
fected by oils should be protected against oil drip. 
Even if the oil is unable to attack the coating of the 
belt, causing swelling, loosening and eventual flak- 
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ing off in the case of rubber, it lowers the coefficient 
of friction between the belt and sheave groove. This 
groove is the result of long and painstaking experi- 
mentation to determine the angle which will give 
maximum grip with minimum jamming. Such a 
groove, lubricated with oil or even a film of water, 
permits the belt to pull deeper into the groove and 
then, when the lubricating film has been squeezed 
out, it tends to jam and cause cover separation or 
cord failure. 
Belt Storage 


Instances where spare V-belts are carried in the 
back of maintenance gang pick-up trucks, there to 
vie with shovels, wrenches and odd-lot pipe nipples 
for space, are now few and far between. Difficulty of 
obtaining replacements, coupled with home-office 
publicity stressing proper belt protection, now in- 
sures the belts being kept in the warehouse until 
actually needed on the drive. It is in the storage of 
such units pending need that many companies are 
finding how inadequate were former methods. 

No longer are belts hung over big spikes driven 
into the warehouse wall, or at best hung across a 
bracket of sucker rod or pipe. Where there is not 
space for a form or rack with diameter equal to or 
greater than minimum acceptable pulley size for the 
given belt cross section, shelf room is found which 
will permit the belts to be laid out flat, not coiled. 
The usual coil, with the belt closely wound and then 
tied or wired across the coils, tends to force the 
outer edge of the belt into the sidewall at each point 
of contact, resulting in deformation if the storage be 
extended, and subsequent breakage of the nicks and 
bosses formed, with ultimate belt failure at the weak 
spot thus started. 

Perhaps even more serious in its effect on ultimate 
belt life is the practice of laying the belt across a 
bracket or rack sideways, so that the two ends sag 
and cause a permanent set in the belt which, when 
placed on a drive, will result in excessive side wear 
as the curved spots attempt to crowd through the 
sheave grooves. 

Belt storage to obtain greatest service life should 
be clean, dry, cool, dark or at least out of range of 
any direct sunlight, and away from possible acid, ex- 
haust or gas fumes. 

Experiments have been conducted looking to the 
possible further delaying of rubber oxidation through 
the use of some of the rubber paints on replacement 
belts. Although this is believed effective to prevent 
oxidation, the paint causes trouble when the belt is 
put into service, both by slightly enlarging the cross- 
sectional area of the belt and thus forcing it to ride 
high in the grooves, and by the frictional heat of 
belt operation tending to cause the paint to flake off 
and adhere to the sheave grooves, in turn bringing 
about sidewall failure and surface breakdown of the 
unit. 
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Other companies store spare belts on wide sheets 
of heavy paper, using sheets of paper between belts, 
and laying boards carefully around outside of the 
pile to keep out dust, fumes and light. 


Capacity to stretch and return to its original shape 
is one of the most valuable characteristics of rubber, 
and is one most valuable when incorporated in 
V-belts. It must be remembered “that a rubber arti- 
cle which is kept under constant tension is much 
more susceptible to deterioration than the same rub- 
ber article at rest.”* Thus if a V-belt drive is to be 
out of service over long periods, as on pumping in- 
stallations at wells which are still making produc- 
tion by natural flow, V-belt life is extended and prob- 
able running time extended by slacking off on the 
drive adjusting screws so as to relieve the drive of 
that tension which must be in it if it is to transmit 
its rated horsepower without slip. One company, 
making this adjustment to conserve belt life, hangs a 
red placard over the motor switch calling for drive 
adjustment before attempting to pump. 


Even better belt protection is secured, of course, 
if the belts be removed and stored properly against 
the time of probable use. 


Where wells require infrequent agitation to re- 
store natural flow, practice now tends to the removal 
of the V-belts on pumping drives at those units, and 
the carrying in the service truck of a single set of 
matched belts for use when power must be applied 
to the well. 

If mildew is observed on any canvas objects, such 
as fire hose, stored in the company warehouse, all 
V-belts should be examined and wiped clear of any 
growth. Even though rubber-impregnated, the can- 
vas forming the envelope for the cord carcass of the 
belt can be attacked by mildew and the ensuing rot 
break down the waterproofing afforded by the rub- 
ber, permitting the tension cords to be affected and 
the entire structure weakened to a point where it 
will speedily fail when subjected to the loads it is 
supposed to carry safely. 

Even though protective measures may cost sev- 
eral times the initial price of the V-belt in time and 
labor, protection of the small available stocks to in- 
sure uninterrupted operation of the country’s oil in- 
dustry will pay big dividends in production when oil 
is needed. Conservation of V-belts on the lease and 
in the pump house alone may easily mark the differ- 
ence between the oil that is ammunition when it 1s 
needed and the “too little and too late” which 
doomed many men and ships in the early days of the 
war. To save V-belts, use them carefully, and avoid 
the twin abuses of neglect and overloading. 


REFERENCES 
1F. L. Ives, ‘“‘Power,’’ December, 1940. 
2°23 Ways to Conserve Life of Multiple V-Belt Drives,” Multiple 
V-Belt Drive Association bulletin. 
3 Wm. S. Richardson, ‘‘Factory,’’ February, 1942. 
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M. W. BOYER AND M. J. RATHBONE, vice 
president and president of Standard Oil Com- 
pany of Louisiana, look things over as the fifth 
and largest butadiene unit at the Baton Rouge 
plant goes on stream. Completion of this unit 
rounded out commitments between the com- 
pany and the government in butadiene produc- 
tion, the first such accomplishment in the pe- 
troleum in dustry. 

A third of the output of the Baton Rouge 
plant is converted into critical petroleum prod- 
ucts for the war program. 
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ore Standard Oil Company of Louisiana was the first in petroleum 
circles to complete its construction commitments for butadiene manu- 
facture, Baton Rouge became the logical starting point for an inspection 
trip of military and civilian officials from Washington. Previously Robert 
P. Patterson, Under Secretary of War, and William M. Jeffers, Rubber 
Director, had agreed that going into the field to see for themselves 
would help in solving differences between synthetic rubber and aviation 
gasoline equipment priorities. 

Accordingly the company and its parent organization, Standard Oil 
Company (New Jersey) set aside May 30 and 31 for playing host to 
Washington officials as well as news writers and technical-trade-paper 
editors. 

Although scheduled as an opportunity for learning what one company 
and one refining plant have contributed to the program for critical 
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CORE OF THE PRODUCTION of - critical 
war products from petroleum at Baton Rouge 
is the fluid catalyst unit. The one at the right 
has been in operation since May, 1940, after 
almost two years under construction. Design 
changes plus difficulty in getting materials 
contributed to the long construction period. 
On one of its early runs, 43 days, however, it 
had throughput of 140 percent of design ca- 
pacity. 

The units under construction are funda- 
mentally identical with the first one, whose 
operation permitted design changes to save 
steel, instruments and other critical materials. 

The fluid catalyst process gets its name be- 
cause its catalyst, a solid of fine mesh, flows 
in operation. It is charged with a distillate 
from pipe-still operation. Its principal product 
is base stock for 100 octane aviation gasoline. 
Slight changes in temperature and other op- 
eration conditions have given it a high yield 
of gases, which are converted into butadiene, 
toluene, ethylene, ethyl and isopropyl! alcohols 
and feed for the alkylation units. More than 
30 units are operating or under construction. 
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petroleum products for war, the two days amounted to proof of what 
the whole petroleum refining industry shortly will provide for the 
prosecution of global war as well as an indication of the eventual expat- 
sion of petroleum refining into one of the top ranking of chemical proc 
essing industries. 

Baton Rouge is both symbol and forecast. 

More than a third of its daily charge of 120,000 barrels is finished as 
a product essential to military operations. This means that given the 
equipment and the time petroleum refining could bolster the war pro 
gram at least to the extent of a third of the nation’s refining capacity, 
because the processes are operating. To gain that status, petroleum 
refining has come to be chemical processing, a status it will maintain in 
a world at peace. 

Baton Rouge holds its place in petroleum refining for several basi¢ 
reasons. It is the largest of the field laboratories of Standard Oil Devel 
opment Company. Since laboratory developments so frequently go it 
test tube and finally pilot plant operation at Baton Rouge, the plant 0! 
necessity has developed a personnel for carrying processes into com 
mercial scale. M. J. Rathbone dwelt on this in his background explanation 
of processes before the first plant visit of news writers when he & 
plained: 

“On account of the diversified activities carried on at this plant it has 
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ome essential to build up a large technical or- 
mnization as well as develop an operating per- 
nel capable of taking hold of new and strange 
ts and rapidly placing them in successful opera- 
nm. This combination of highly diversified opera- 


Hons and personnel who are accustomed to working 
Wyith new and unusual operations, contributed ma- 


ferially to the ability of this refinery to carry forward 
the extensive war program as rapidly as has been 
the case.” 

This evolution of process growth had concrete 
evidence in the fluid catalyst process, which had one 
gnit operating at Baton Rouge, two nearing com- 
pletion, while the pilot plant of the process is still 


‘standing. The place of investigation was summed up 


by F. A. Howard, president of Standard Oil Develop- 
ment Company, this way: 

“The processes you have seen in operation here 
fepresented 8,500,000 man hours of research and de- 
yelopment.” 

Among those who came from Washington were 
Robert P. Patterson, Under Secretary of War; James 
V. Forrestal, Under Secretary of the Navy; William 
M. Jeffers, Rubber Director; Ralph K. Davies, Dep- 
uty Petroleum Administrator; Bruce K. Brown, As- 
sistant Deputy Administrator of PAW; Bradley 
Dewey, Deputy Rubber Director, and J. W. Livings- 
fon, vice president of Rubber Reserve Company. 


If Patterson and Jeffers had had serious differences 
in Washington, they were not brought to Baton 
Rouge. Their joint statement on.the trip was: 

“The trip we are now making is for the purpose 
of seeing actual equipment that has been built, to 
see whether, where and how the programs actually 
conflict and, if we find bottlenecks, io eliminate them 
promptly and objectively so that a truly integrated 
program will move forward with a speed which will 
break our enemies at the earliest possible date.” 

What they saw at Baton Rouge was an integrated 
program, wherein both aviation gasoline and syn- 
thetic-rubber ingredients come through identical 
processing previous to final processing. Especially 
designated for inspection were: 

The fluid-catalyst process, one unit operating and 
two nearing compleétion ; 

Five butadiene plants, two of the thermal-cracking 
process, two of the later butylene-dehydration-proc- 
ess and an example of refinery conversion (the 
quickie method) ; 

The high-pressure petroleum-hydrogenation plant; 

The toluene plant, still under construction ; 

The alkylation units; 

Butyl rubber manufacture ; 

Buna-N (Perbunan) rubber manufacture. 

Of these only toluene and alkylation are not de- 
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FIRST LARGE SCALE PRODUCTION of buto- 
diene from petroleum was in this thermal-crack- 
ing plant, completed in January, 1942. A year 
later a second thermal cracking unit was com- 
pleted. The first one was built to provide 
butadiene for increasing the capacity of the 
buna N (Perbunan) copolymerization plant, still 
being operated at Baton Rouge. 

Before the second plant was finished, the 
ynthetic rubber program of the nation was tak- 
ing shape and laboratories as well as pilot plants 
vere in need of raw materials for research and 
experimentation, so this plant contributed to that 
phase of the program. Both plants were financed 
by the company. 

Operation of these plants is by high-tempera- 
ture cracking of oil, with the result that several 
gaseous products are formed, one being buta- 
diene. Other gases are usable in aviation gaso- 
line blending agents, tetraethyl lead and ex- 
plosives. Although not as efficient as the newer 
method of producing butadiene by dehydro- 
genation of butylene, operation of these plants 
vas the first in which the synthetic-rubber and 
Mation-gasoline programs were drawn together. 

hat these plants accomplished was the basis 
of the recommendation of the Baruch committee 
at a substantial part of the butadiene from 
itroloum be provided by conversion of existing < 
= cracking equipment to higher tempera- ah 
re cracking. Although this program subse- 
qwently wc: curtailed, one of these conversions 
Ss the third butadiene unit at Baton Rouge. 
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velopments of Standard Oil Company (New Jersey) 


and its subsidiaries. 

In addition, the trip included an inspection of the 
plant of Copolymer Corporation, built by Defense 
Plant Corporation for rubber synthesis and operated 
by a corporation formed by several of the independent 
rubber companies. 

Standard Oil Company of Louisiana had its thirty- 
fourth birthday April 13, 1943. When the plant was 
started on the east bank of the Mississippi river in 
1909 a cotton plantation of 213 acres was selected, as 
its site. Now the plant covers more than 1000 acres, 
while another 1000 is required for tankage. 

Along with growing up in capacity it has grown 
up in personnel, since nearly 8000 workers are re- 
quired for the processing and other activities of proc- 
essing more than 100,000 barrels of crude oil daily. 
These employes work an average of 51.35 hours per 
week and average weekly earnings are $62.00. The 
average hourly earning is $1.20 and the income for 
a month is $267. Its 1900 salaried workers have aver- 
age income of $288 per month. 


IN THE DEVELOPMENT of a synthetic rubber program following the 
fall of Singapore the petroleum industry was charged with providing 
part of the butadiene, some styrene, the chemical industry with pro- 
viding soap acids and other chemicals, leaving the rubber industry to 
put these together as Buna rubbers. 

The copolymerization plants are standardized units, whose design 
and operation came out of the experience at Baton Rouge. A small 
copolymerization plant has been operating there since April, 1941. Its 
first capacity was 1,600 tons per year. With the completion of the first 
thermal butadiene unit, capacity was increased to 3,600 tons per year. 

It is still operating, being presently restricted to making Buna N 
(Perbunan) a special synthetic, one of whose uses is for lining aviation 
fuel tanks to make them bullet proof. Buna N synthetic rubber is a 
combination of butadiene, acrylonitrile and other chemicals. Buna S 
rubber requires styrene instead of acrylonitrile. Reactions are so 
nearly identical, however, that the equipment can be used for either. 
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LARGEST OF THE BUTADIENE 
UNITS at Baton Rouge is the butylene 
dehydrogenation plant, which com. 
pleted the commitments betwee, 
Standard Oil Company of (ouisiang 
and the government. It had been jn 
operation less than a month when its 
operation was thus described, “on its 
very first run meeting designed cg. 
pacity and quality specifications.” 

Its charge is butylene from flyid 
catalyst cracking. Dehydrogenation 
consists of removal of two hyd 
atoms from each butylene molecule 
Details of operation are not made 
public. 

Previous to completion of this ynit 
a small dehydrogenation plant had 
been put in operation in February by 
remodeling some existing construction 
built for Ethyl Corporation, one of 
whose plants adjoins the property of 
Standard Oil Company of Louisiana, 
This small unit, in addition to con- 
tributing 10 tons of butadiene daily, 
will be operated as a pilot plant for 
the whole synthetic rubber program. 

The five plants at Baton Rouge 
furnish all butadiene requirements for 
the adjacent rubber plant of Copoly- 
mer Corporation, a combination of 
several of the smaller rubber com- 
panies, which is operating a govern- 
ment plant for making Buna § syn- 
thetic rubber. Excess butadiene is 
shipped to other rubber plants. 

Two of the butadiene plants were 
financed by Standard Oil Company 
of Louisiana, one is owned by Defense 
Plant Corporation and two jointly by 
the company and the government. 
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Through the pay-roll-deduction plan employes of 
this company have bought more than $1,500,000 in 
war bonds. 

Although 200 miles from the Gulf of Mexico, the 
plant has deep harbor facilities. Its products are 
shipped by tanker, river and canal barges, pipe lines, 
tank cars and trucks. It is farthest inland of the 
plants along the Gulf of Mexico. 

Chronology of the expansion of special processes 
at Baton Rouge is: 

Hydrogenation. The high-pressure petroleum-hydro- 
genation plant was completed in 1931. It has served 
to manufacture lubricating oil, 100-octane gasoline 
and now processes special cuts from 45 other refining 
plants into blending agent for 100-octane gasoline. 

Buna Rubber. A small copolymerization plant for 
Buna-N (Perbuna) manufacture has been operating 
since April, 1941. Its first capacity was 1600 tons per 
year. Expansion to 3600 tons, its present capacity, 


BUTYL is the only synthetic rubber made wholly from petroleum and 
manufactured by the petroleum industry. One unit is now operating at 
Baton Rouge, a second is under construction and other plants are being 
built by Humble Oil & Refining Company and Imperial Oil, Ltd. Total 
capacity, financed by the government, will be 75,000 tons per year. 

It is made by reacting isobutylene, a cracking-operation gas, and 
isoprene, at the extreme temperature of minus 150° F. It is a specialty 
product, which so far does not match Buna S for tire purposes, whose 
history and qualities have been summed up: 

“Butyl is a synthetic rubber developed as a laboratory product by 
Standard Oil Company (N. J.) scientists in 1937 and improved by 
continuous research since that time so that it now plays a small but 
important part in the government rubber program. Butyl has not yet 
matched the tire making characteristics of Buna S. It can, however, 
be used to make inner tubes superior to those made from Buna S$ 
or natural rubber. Some of its important properties are resistance to 
oxidation and the action of acids and high impermeability to gases.” 
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OLDEST of the special products units 
at Baton Rouge is the high pressure 
petroleum hydrogenation plant, com- 
pleted in 1931. Hydrogenation, adding 
hydrogen, gained its early favor be- 
Cause of its promise of converting 
more of crude oil into motor fuel. 
When this hydro plant was completed 
the East Texas oil field had for the 
time removed immediate concern over 
crude oil shortage, 
One of its early uses was in making 
hydrogenated lubricating cils. Then 
it was put into the production of 
aviation gasoline, Normally it can 
produce both base stocks as well as 
lending agents for 100 octane avia- 
tion gasoline. Development of catalytic 
cracking soon solved the need for base 
stock, leaving high octane blending 
ents the more urgent need. The 
then was turned to processing 
ucts from more than 40 refining 
Plants int nigh-octane blending agent. 
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came in 1942. Methods for making this rubber are so 
closely identical with Buna-S synthesis that experi- 
ence of this small plant was the basis for the design 
of the units, financed by the government, for syn- 
thesis of the whole Buna-S program. 

Butadiene. First butadiene was made at Baton Rouge 
in January, 1942, in order to have a supply for the 
enlarged capacity of the Buna-N synthesis plant. 
This was a thermal-cracking unit and a similar one 
of larger capacity was completed in January, 1943. 
Much of the output of this second plant went to 
laboratories and pilot plants, where the larger syn- 
thetic-rubber industry was being fashioned following 
the fall of Singapore. 

One refinery conversion (quickie) butadiene unit 
is operating at Baton Rouge. Four thermal oil-crack- 
ing units were removed from gasoline manufacture 
January 1, 1943, and three months later were making 
butadiene. Operation is based on knowledge gained 
from operation of the two thermal-cracking butadiene 
units. 

Of the two butylene-hydrogenation units at Baton 
Rouge, one is of pilot-plant capacity, 10 tons daily, 


completed in February, 1943, by remodeling some 
equipment previously built for another purpose for 
The Ethyl Corporation, one of whose plants is 
nearby. It served for pilot-plant study for determin- 
ing operating methods for the larger units now zoing 
on stream over the nation and will continue i: that 
service, 

The first and largest of the butadiene units went on 
stream in May, 1943. 

Most of the butadiene made at Baton Rouge will 
go to the adjacent rubber synthesis plant of Co- 
polymer Corporation. 

Butyl Rubber. Butyl rubber is wholly a petroleum 
product, which will be manufactured at two plants 
in the United States and one in Canada. The first of 
the manufacturing unit was put in operation at Baton 
Rouge in May, 1943. 

Alkylation. This process, not strictly a development 
of Standard Oil Company (New Jersey) subsidiaries, 
has been operating at Baton Rouge since 1942. 

Toluene. This hydrocarbon ingredient for TNT will 
be made at Baton Rouge upon completion of a plant 
now under construction. 


ALKYLATION, the combining of a paraffin and an olefin, brought to refining the assurance of high-octane blending agent for aviation 
gasoline. The three towers here represent as many sulphuric acid alkylation plants, which are part of the aviation gasoline equipment at Baton 
Rouge. The alkylation process and that for making toluene are not sole developments of Standard Oil Company (N. J.) and its subsidiaries. 
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Petroleum Refining Processes 


Adapted to Styrene Manufacture 
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3una rubber, with propane as one of the raw 
has been established with completion of a 
Monsanto Chemical Company at Texas City, 
ike butadiene, styrene may come from sev- 


rces. Until synthetic rubber stimulated de- 


was a product of coke-oven distillation. 
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Now it will be produced at Texas City and other 
places by adaptation of processes from petroleum 
refining, thermal cracking, alkylation and dehydro- 
genation. Styrene is a combination of ethlyene and 
benzol. 

Operation of the plant of Monsanto Chemical Com- 
pany calls for the cracking of propane to: produce 
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ethylene, then alkylation of ethylene and benzol to 
ben ethylbenzene, followed by dehydrogenation of 
ethylbenzene to form styrene. This brief outline of 
processing is all censorship restrictions will permit. 

The first styrene shipped from this new plant, 
March 10, 1943, was made from ethylene and benzol 
from outside sources. The plant was completed just 
one week less than a year from the date of starting 
construction. First design called for annual produc- 
tion of 3000 tons. This was successively stepped first 
to 6400 tons, 10,000 tons, 20,000 tons, 40,000 tons and 
finally 50,000 tons, which will be the rate of produc- 
tion before the end of the year. 

Some construction details made public, by the 
operating company are: 

Metal requirement, 13,250 tons of steel and iron, 
290 tons of copper and alloy s, 160 tons of alloy steel, 
16 tons of nickel alloys. 

The major unit for distillation is comparable with 
a 20-story building in height. 

The water-pumping unit can handle 35,000 gallons 
per minute. 

The project was financed with government funds, 
cost $17,000,000, and is owned by Rubber Reserve 
Company. 

Twenty percent of the plant is underground. 

The lighting arrangement is such that the crew of 
an airplane going over at night cannot detect the 
location, although an observer on the ground would 
be viewing a brilliant spectacle. The plant can be 
blacked out in one minute and still remain in 
operation. 

The following information was released shortly 
after the plant was visited by William M. Jeffers, 
Rubber Director, and associates: 

“Styrene is described by chemists as an aromatic 
hydrocarbon compound having a double bond. This 


ntrol of all processing is by 
ome instrument board, housed 
in the distillation unit. 
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double bond is the key to its usefulness in both 
plastics and in synthetic rubber. The double bond on 
each molecule of styrene enables individual molecules 
of the compound to be linked together into long 
chains. The process of hooking together is called 
polymerization and radically changes the appearance 
and physical and chemical properties of the material. 
When styrene alone is polymerized, it is changed 
from a clear-white liquid to a hard, dense glass-like 
substance. When styrene and butadiene are poly- 
merized together, the product is a rubber-like mate- 
rial known as Buna S. 

“Production of styrene at the plant is based on 
two raw materials—propane, a petroleum fraction, 
and benzene, a by-product of coke ovens. In the first 
step, propane is cracked to supply ethylene gas. This 
cracking is somewhat similar to methods used in the 
petroleum refining industry. Ethylene gas: and ben- 
zene are then combined in the second step to form 
ethylbenzene. The process by which this is carried 
out is known as alkylation: 

“Styrene differs from ethylbenzene by having two 
less atoms of hydrogen. Ethylbenzene is converted 
to styrene by removal of the extra hydrogen in a 
dehydrogenation process. 

“In designing and in operating the plant, Monsanto 
Chemical Company has been able to draw not only 
on its own technical resources but on the background 
and research of every other company in the field. 
Through Rubber Reserve Company, an industry 
technical committee provides for the free interchange 
of information. Through this system several com- 
panies, normally highly competitive in peacetime, 
work together for the war effort. As a result, the 
design of the Texas City plant, although substantially 
a Monsanto project, uses some processes and methods 
developed by other companies.” 
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te cine of the first synthetic rubber 
in Texas, June 28, was celebrated as “American Made 
Rubber Day,” by proclamation of Governor Coke R. 
Stevenson, who was one of the speakers at programs 
at Goose Creek and Houston. The plant, built by 
Goodyear Tire & Rubber Company for Defense Plant 
Corporation, will be operated by General Tire & 
Rubber Company and General Latex & Chemical 
Company. Butadiene is being provided by Humble 
Oil & Refining Company, Baytown, and styrene by 
Monsanto Chemical Company, Texas City. 

Copolymerization of Buna rubber is no function 
of petroleum refining. The rubber industry will oper- 
ate these plants, all of which are adjacent to buta- 
diene and Styrene plants. 

Butadiene and styrene are combined with soap 
solution, brine, sulphuric acid and a catalyst in reac- 
tion chambers, where the combination is stirred con- 
tinuously. This operation is of the batch type. 
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Excess butadiene and styrene are recovered and returned to storage for recycling in the operation of a rubber synthesis plant. Above the unit 
at the right includes the distillation equipment for this recovery. At the left are the reactors where all chemicals are agitated under controlled 
conditions. Open type housing is typical of construction in the southern climate. 


Copolymerization Is the Process of 
Building a Rubber Like Substance 


Under Controlled Synthesis 

















Combination of the ingredients is arrested at 4 
predetermined stage. Then it is successively washed, 
dried, rolled into sheets and finally pressed into bales 
for shipment to rubber plants, where it is used after 
the fashion of natural rubber latex in making finished 
materials. 

Butyl rubber consists of two petroleum products, 
isobutylene and isoprene and is made by the petro 
leum industry. 

In the picture on this page the chemical-mixing 
unit and the recovery equipment are at the right, 
while the reaction chambers are in the building 4! 
the left. The process is carried out with a surplus 
of both butadiene and styrene present. The excess 
is recovered and the two products go back to storage 
for later use. 

This unit of 30,000 long tons annual capacity will 
produce latex equal to the output of a rubber plar 
tation of 100,000 acres. 
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ALL REVERE ADMIRALTY CONDENSER 
TUBES ARE OF THE ARSENICAL TYPE 











REVER 
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Advantages of Arsenical Admiralty Condenser Tubes 


in inhibiting tube failure due to “dezincification” 


Revere early recognized the need for an Admiralty Condenser Tube specially 
designed to help prevent the peculiar type of corrosion called ‘‘dezincification.” 


Practical experience had already shown that the presence of minute fractions 
of arsenic or of various other minor constituents in Admiralty Tubes produced a 
protective film on the tube wall which prevented “dezincification.” 


The question Revere set out to solve was: “Which of these various minor con- 
stituents offers the greatest advantages?” 


REVERE CHOSE ARSENIC — because 


Its effectiveness has been proved by many years of British practice. 


ans 
a 


. Smaller amounts of arsenic (generally only .02%) proved effective. 


The working and physical properties of the tubes were thus least affected. 


- WD 


. Since the introduction of Revere Arsenical Admiralty Tubes, no record of 
failure due to ‘‘dezincification” has been recorded. 


5. No case of intercrystalline corrosion has ever been observed in commercial 
installations of Revere Arsenical Admiralty Tubes. 


THE BEST FOR THE PURPOSE 


Where Admiralty Metal Condenser Tubes are indicated for the particular prob- 
lem, Revere, on the basis of laboratory tests and field experience, believes arsenic 
to be the best inhibitor of “dezincification.”” Consequently, all Revere Admiralty 
Condenser Tubes are of the arsenical type. 


A reprint of a paper presented to the Tenth Mid-Year meeting of the 
* American Petroleum Institute, by R. A. Wilkins, Director of Revere Re- 

search, entitled “Corrosion of Copper and Copper-Base Tubing in Oil 

Refinery Heat-Transfer Equipment” will be gladly sent on request. 





COPPER AND BRASS INCORPORATED 


Executive Offices: 230 Park Avenue, New York ¢ Sales offices in principal cities 
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DIGEST OF UNITED STATES PATENTS 


On Isomerization of Hydrocarbons 


Compiled by Heinz Heinemann 








U.S.P. 2,268,401. Isomerization Process. 
Ch. N. Kimberlin, Jr., to Standard 
Oil Development Company. 

Several processes for the isomeriza- 
tion of normal to iso-paraffins are 
known, in which Friedel-Crafts type 
catalysts and activators such as hy- 
drogen halide are used. While most of 
the hydrogen halide can be recovered 
from the effluent of the reaction zone, 
small losses do invariably occur. When 
recycling the hydrogen halide in mix- 
ture with fresh normal-paraffins, it is 
proposed to add small amounts of 
alkyl halides like carbon-tetrachloride. 
The alkyl halides react with hydrocar- 
bons to form hydrogen halide which 
replaces losses of hydrogen halide. 


U.S.P. 2,271,043. Isomerization of Hy- 
drocarbons. A. J. van Peski to Shell 
Development Company. 

An isomerization such as the pro- 
duction of iso-pentane from normal- 
pentane or other isomerizations of satu- 
rated hydrocarbons containing 4 or 
C-atoms is effected by means of an 
aluminum halide catalyst under _ be- 
tween 0.08 and 33 atmospheres of hy- 
drogen, the partial pressure of the 
hydrogen being sufficient substantially 
to repress side reactions, but insuffi- 
cient substantially to repress the iso- 
merization reaction. 


U.S.P. 2,277,512. Catalyst. Martin de 
Simo and F. M. McMillan to Shell 
Development Company, 

It has been found that the catalytic 
activity of aluminum halides is consid- 
erably increased when they are used in 
combination with certain forms of 
alumina. The effect of the alumina 
when in combination with an anhydrous 
aluminum halide is unique, very pro- 
nounced and not approached by other 
carriers. The promoting action is not 
general to all of the many forms of 
alumina, but is confined to crystalline 
alumina alpha monohydrate, “activated 
alumina,” prepared by partial dehydra- 
tion of crystalline alpha alumina tri- 
hydrate. The anhydrous aluminum hal- 
ide may be combined with the carrier 
by mixing the powdered materials and 
pelleting them, by soaking granules of 
the carrier in non-aqueous solutions of 
aluminum halide or in other ways. 


U.S.P. 2,278,934. Process and Catalyst 
for Conversion of N-Paraffins. M. W. 
Lee to Union Oil Company of Cali- 
fornia. 

The isomerization of normal-paraffins 
and particularly of n-butane is carried 
out by aluminum halides and particul- 
larly by aluminum bromide in the 
liquid state and at temperatures of more 
than 125° and below cracking tempera- 
ture and under sufficient pressure to 
maintain a liquid phase. It has been 
discovered that the isomerization of 
n-paraffin may be greatly increased as 
to yields by conducting the reaction 
in the presence of a catalyst containing 
carbon and particularly activated car- 
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bon. It is not believed that the carbon 
acts merely as a distender or carrier 
agent, because yields are much lower 
when using natural or treated clays 
instead of carbon. Aluminum bromide 
in a quantity equal to 25 percent of 
the weight of hydrocarbons treated to- 
gether with 18 to 19 percent of carbon 
is used at 212° F., 220 pounds pressure 
for a period of 4 hours. Conversion 
yields up to 74 percent are obtained. 


U.S.P. 2,780,710. Isomerization Process. 
Ch. S. Lynch to Standard Oil De- 
velopment Company. C.A. 36, 5483. 

A process is employed which involves 
bringing at least one normal-paraffin 
containing at least 4 C-atoms per mole- 
cule into contact with a metal halide 
isomerization catalyst of the Friedel- 
Crafts type under isomerization condi- 
tions in a step-wise process, carrying 
out the reaction in at least two stages 
maintaining a temperature gradient be- 
tween the stages, the last stage being 
maintained below the temperature em- 
ployed in at least one other stage and 
correlating the temperature of any par- 
ticular stage with the length of time 
the feed is subjected to that tempera- 
ture so as to avoid substantial crack- 
ing of the paraffins and products ob- 
tained while effecting substantial iso- 
merization of the n-paraffin. 


U.S.P. 2,280,748. Isomerization of N- 
Paraffins. Van B. Calhoun to Stand- 
ard Oil Development Company. 

It has been found that superior re- 
sults may be obtained by using free 
halogens, especially chlorine or bro- 
mine as activators for Friedel-Crafts 
catalysts in the isomerization reaction. 
The yields of branch-chain hydrocar- 
bons are considerably greater than 
those obtained by the use of known 
activators such as hydrogen halides. 
These activators have a further ad- 
vantage over hydrogen halide in the 
fact that they promote the formation 
of the branch-chain isomers of a given 
hydrocarbon with less tendency to 
form hydrocarbons of a lower or high- 
er number of C-atoms in the molecule. 
The new class of activators are particu- 
larly effective when used with alumi- 
num halide catalysts. The amount of 
activator required varies with the cata- 
lyst, its age and the temperature and 
other conditions, but ordinarilly the 
amount is from 0.5 to 5 percent of the 
feed stock treated. A temperature range 
of from 30 to 400° may be used and 
the process can be operated in both 
liquid and vapor phase. 


U.S.P. 2,281,924. Executing Reactions 
with the Aid of Fugitive Catalysts. 
M. de Simo and F. M. McMillan to 
Shell Development Company. 

In reactions with catalysts contain- 
ing anhydrous AICI; such as the iso- 
merization of hydrocarbons, the losses 
of AIC]; by volatilization from the re- 
action zone under reaction conditions 
are considerable. The aluminum chlo- 


ride condenses in cooler parts, plug- 
ging up equipment. According to the 
invention, escape of AlCls is substan- 
tially avoided by employing a suitable 
solid adsorptive material which is up- 
saturated with respect to the AICI, in 
close association with the catalyst. Ad- 
sorptive alumina is a suitable material, 
The carrier-supported catalyst and the 
solid adsorptive alumina which is un- 
saturated with respect to AICI; are 
either mixed prior to charging the re- 
action chamber or are separately placed 
in the reactor in such a manner that 
the reactants pass first through a bed 
of catalyst and then through a bed 
of adsorptive alumina. 


U.S.P. 2,283,852. Production of Iso 
paraffins. Gustav Egloff to Universal 
Oil Products Company. 

A process for the production of low- 
boiling iso-paraffins is described, com- 
combined feed 


prising subjecting a 
formed in a manner hereinafter de- 
scribed to the action of anhydrous 


AIC], a minor amount of hyrdogen 
chloride and hydrogen containing gases 
in a primary reaction zone, simultane- 
ously subjecting a second combined 
feed formed in a manner hereinafter 
described to the action of anhydrous 
AICl,, a minor amount of hydrogen 
chloride and hydrogen containing gases 
in a second reaction zone, commin- 
gling the conversion products from the 
two reaction zones and subjecting the 
mixture to a separation step to sepa- 
rate a fraction containing iso-butane 
and iso-pentane, a low-boiling gaso- 
line and a higher-boiling naphtha, com- 
mingling the aforesaid low-boiling gas- 
oline charge stock to form the primary 
combined feed hereinbefore set forth 
and commingling the naphtha with a 
naphtha charge stock to form the sec- 
ond combined feed hereinbefore set 
forth. 


U.S.P. 2,288,477. Production of Iso- 
Butane. Ch. W. Montgomery to Gulf 
Research and Development Con- 
pany. ; ; 
Normal-butane, substantially free 0! 

olefins is maintained in contact, eventu- 

ally in the presence of hydrogen hal- 
ide, with a metal halide catalyst and 

preferably with aluminum halide at 4 

temperature below the critical tempera 

ture of the n-butane and preferably u- 

der pressure sufficient to maintain the 

n-butane in a liquid state. Iso-butane 's 

produced without substantial cracking 

and without tar formation on the cata 
lyst. Aluminum halide is used ™ 
amounts of 0.5 to 10 mol percent. 


U.S.P. 2,291,376. Isomerizing Hydro 
carbons. H. A. Cheney to Shell De 
velopment Company. 

To overcome difficulties encounter 
in using customary aluminum _halide 
catalysts for isomerization reactions, 4 
great many materials were investigate 
as catalysts, mostly with negative ™ 
sults. Liquid aluminum halide catalysts 
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at temperatures above their melting 
point are also ineffective. It has been 
found; however, that fluid melts, com- 
prising a molecular excess of aluminum 
halide and particularly of aluminum 
chloride, and a halide of an alkali metal, 
when promoted by from 0.3 to 25 per- 
cent of arsenic trichloride, antimony 
trichloride or bismuth trichloride are 
remarkably good isomerization cata- 
lysts. A temperature range from the 
minimum at which the catalyst may be 
maintained in the liquid phase to about 
200° C. can be used. Pressure is of lit- 
tle influence upon the reaction. 


U.S.P. 2,293,891. Catalytic Reactivation. 
B. L. Evering and E. L. d’Ouville to 
Standard Oil Company (Indiana). 
C.A. 37, 1257. 

An arrangement of apparatus is de- 
scribed and a process is employed 
which may involve regenerating an 
aluminum halide hydrocarbon sludge 
formed, with hydrogen in the presence 
of a hydrogen halide and in the sub- 
stantial absence of other regenerating 
agents, with use of an elevated tem- 
perature and pressure adapted to pro- 
mote the restoration of the aluminum 
halide sludge to form an active mobile 
liquid aluminum halide hydrocarbon 
complex catalyst. HCl may be used 
with temperatures of 200° to 500° F. 
and pressures of 40 to 400 atm. 


U.S.P. 2,295,977. Process for the Prep- 
aration of an Aluminum Chloride 
Catalyst. S. B. Thomas and F. M. 
McMillan to Shell Development 
Company. ; 

A mineral carrier such as activated 
alumina or diatomaceous earth is par- 
tially dehydrated, so that it will 
contain only a small amount of firmly 
bound water. Pieces of the thus pre- 
pared carrier are soaked in a substantial 
excess of molten anhydrous aluminum 
chloride over that adsorbable to the 
carrier. The excess molten aluminum 
chloride is then drained off in an at- 
mosphere of aluminum chloride vapors 
under pressure and the impregnated 
carrier is cooled to below 190° F. The 
catalysts may contain as much as 50 
percent aluminum chloride. Using a 
catalyst prepared from activated alu- 
mina and aluminum chloride for the 
isomerization of n-butane to i-butane, 
an average i-butane content of over 60 
percent was obtained during 126 hours 
of continuous operation. 


U.S.P. 2,297,617. Conversion of Hydro- 
carbon Oils. A. R. Goldsby to The 
Texas Company. 

A combined isomerization and crack- 
ing process, using two steps is de- 
scribed. AICI; type catalysts are used 
for the isomerization step. High anti- 
knock motor fuel hydrocarbons are ob- 
tained from saturated straight - chain 
hydrocarbons. 


U.S.P. 2,298,931. Process for the Treat- 
ment of Hydrocarbons. H. E. Dren- 
nan to Phillips Petroleum Company. 
The catalyst used consists of copper 

oxide and a copper salt and is prepared 

by treating copper oxide with a non- 
volatile strong inorganic acid like sul- 
furic acid or phosphoric acid. 


U.S.P. 2,299,716. Process for the Pro- 
duction of Hydroaromatic Hydrocar- 
bons. A. J. van Peski to Shell. De- 
velopment Company. 

A naphthenic distillate is subjected 
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to fractional distillation and a fraction 
is cut which boils up to 75-78° and con- 
tains paraffinic hydrocarbons and naph- 
thenic hydrocarbons of non-hydroaro- 
matic character, having substantially 
equal boiling points. This fraction is 
treated in the liquid phase at tempera- 
tures below 200° with an aluminum 
chloride-hydrocarbon complex catalyst. 
Cyclohexane is recovered from the iso- 
merized distillate by fractional distilla- 
tion. 


U.S.P. 2,300,160. Isomerization of Nor- 
mal - Paraffins. K. C. Laughlin to 
Standard Oil Development Company. 
The hydrocarbons are isomerized by 

a Friedel-Crafts type catalyst at a tem- 

perature of from 30 to 400° F. and 

preferably 150 to 250° F. in the presence 

of an activator consisting of about 0.5 

to 10 percent of carbon dioxide (based 

on the weight of hydrocarbons pres- 
ent). 


U.S.P. 2,300,235. Isomerization of 
Paraffins. H. Pines and H. S. Bloch 
to Universal Oil Products Company. 
The isomerization is carried out with 

an anhydrous AICI; catalyst and hy- 
drogen chloride as an activator. The 
effluent from the reaction zone is sep- 
arated into an isomerized fraction, un- 
converted paraffins and a gas mixture 
containing hydrogen chloride. The last 
is contacted with a solid adsorbent 
which will adsorb the hydrogen chlo- 
ride. The hydrogen chloride is then de- 
sorbed from the adsorbent and recycled 
to the isomerization step. 


U.S.P. 2,301,342. Olefin Isomerization. 
D. Somerford and K. C. Laughlin to 
Standard Oil Development Company. 
C.A: 37, 2013. 
Non-tertiary-carbon-atom containing 

mono olefins having at least four C 

atoms in the molecule are subjected to 

isomerization conditions (preferably 

400 to 1200° F.) in the presence of a 

catalyst containing oxides of boron and 

aluminum, 


U.S.P. 2,301,615. Treatment of Hydro- 
carbons. J. A. Chenicek and K. M. 
Brown to Universal Oil Products 
Company. 

A combination isomerization-alkyla- 
tion process is described using anhy- 
cGrous AICl; as a catalyst. The n-paraf- 
finic hydrocarbons are charged, 
respectively recycled to an isomeriza- 
tion zone under isomerization condi- 
tions. For n-butane these are 125 to 
225° F. and a space velocity of about 
0.25. It may be operated as a vapor- 
or liquid-phase process, the former 
having the advantage that less AICI; is 
lest by vaporization than by dissolving, 
the latter having the advantage of 
higher conversions. The isomerization 
zone is followed by a catalyst pick up 
zone in which AICI; is dissolved in the 
hydrocarbons prior to entering an 
alkylation zone in which i-paraffins are 
oe with an added stream of ole- 
ns. 


U.S.P. 2,306,261. Catalytic Conversions 
and Catalysts Therefor. C. C. Craw- 
ford and W. E. Ross to Shell De- 
velopment Company. 

It has been discovered that aluminum 
halides such as in particular AlCl; and 
AIBr; react with cyclic olefins to form 
liquid complex addition compounds 
which are unexpectedly quite different 
from those produced from open-chain 


olefins and are superior to the various 
liquid complexes hitherto employed, 
The liquid complex addition com. 
pounds formed from aluminum halides 
and cyclic olefins, unlike those formed 
from open-chain olefins and aromatic 
hydrocarbons, are relatively stable and 
exhibit better activity. It is also con- 
sidered of great importance that the 
excellent catalytic activity of these 
complex compounds is very selective 
Thus by the application of these com. 
plex compounds, excellent conversions 
may be obtained while degradation re- 
actions practically do not take place, 
whereas when using other types of 
complexes the conversions are either 
much lower or considerable side-reac- 
tion products are formed. The substan- 
tial absence of degradation reactions 
when employing these cyclic olefin 
complexes is believed to be a factor 
contributing toward their greater sta- 
bility. One suitable method of prepara- 
tion is, e.g., to mix the aluminum halide 
and cyclic olefin and gently heat the 
mixture at about 80-110° C. preferably 
while stirring. The cyclic olefin com- 
plex contains about 1 to 2.5 mols of 
olefins to each mol of AICls. Aluminum 
halide may be used in excess. Isomeri- 
zation conditions are those commonly 
used for isomerization reactions, : 


U.S.P. 2,307,053. Isomerization of Nor- 
mal-Paraffin. Ch. S. Lynch to Stand- 
ard Oil Development Company. 
Aluminum halides catalysts are best 

suited for the isomerization of hydro- 
carbons in the presence of hydrogen 
halide promoters while fresh. As the 
catalysts become spent, the tendency 
to catalyze cracking reactions increases. 
It has now been found that an iso- 
merization catalyst which has devel- 
oped a tendency to further cracking 
reactions can be advantageously used 
to isomerize hydrocarbons with less 
C atoms to the molecule than that 
which they have previously isomerized. 
It is thus, e.g., possible to use a liquid- 
phase process, contacting n-pentane 
with about 100 percent by weight of 
fresh AICl; and about 5 percent by 
weight of hydrogen chloride at a tem- 
perature of 110° F. for about 075 
hours and obtaining substantial 
amounts of i-pentane. After 3 hours of 
use, n-butane is charged to the same 
batch of catalyst instead of n-pentane 
under the previously stated conditions 
and substantial yields of i-butane are 
obtained. 


U.S.P. 2,309,263. Process for the Pro- 
duction of Catalysts. B. S. Thomas 
to Shell Development Company. 

A process for the production of 
aluminum halide catalysts is described. 
Inorganic carrier material and prefer- 
ably adsorptive alumina, containing 
bound water is heated to a tempera- 
ture above 140° C. at moderately ele- 
vated pressure in a closed vessel with 
sufficient aluminum halide to react with 
at least a substantial amount of the 
bound water, but insufficient to saturate 
the adsorptive material. A pressure in- 
crease is caused by hydrogen halide 
formation, which is vented above 
C. to restoration of the original pres- 
sure. The reaction is continued until 
the decomposition of aluminum halide 
hydrates is completed. The product 
formed is impregnated with a secon 
portion of aluminum halide in suil 
cient amount to produce a catalyst com 
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taining 17 to 23 percent of aluminum 
halide. 


U.S.P. 2,309,986. Motor Fuel and Prep- 
aration Thereof. R. F. Ruthruff. 

In the preparation of motor fuel the 
steps are claimed which comprise sub- 
jecting a heavy naphtha to destructive 
isomerization, separating the destruc- 
‘tively isomerized product into a rela- 
tively low-boiling fraction and a rela- 
tively high-boiling fraction having a 
maximum boiling point lower than the 
initial boiling point of said heavy naph- 
tha, alkylating said relatively low- 
boiling fraction and blending the alky- 
late with the high-boiling fraction. 
During destructive isomerization the 
naphtha is treated at 205 to 210° F. 
with a suitable catalyst (e.g., AlCls) 
promoted with water, HCl, CCl or the 
like. A large proportion of i-butane is 
obtained. 


U.S.P. 2,311,232. Manufacture of Cata- 
lyst. V. N. Ipatieff and H. Pines to 
Universal Oil Products Company. 
Catalysts suitable for promoting or- 

ganic reactions are obtained from an- 
hydrous metal halides and particularly 
AICl, and adsorbent carriers such as 
charcoal, clays, siliceous materials, etc. 
The AICI, and the carrier are mixed in 
the desired proportions. In the case of 
activated carbon equal proportions 
have been found satisfactory. The mix- 
ture is heated at elevated temperatures 
and under pressure until the chloride 
has been adsorbed in the pores of the 
carrier, For this purpose the mixture 
is placed in a glass-lined vessel, a small 
amount of hydrogen chloride is added, 
the vessel is brought to a pressure of 
approximately 25 atmospheres by in- 
troduction of hydrogen and heated to 
approximately 250° C. for several 
hours. The product is dry and granular 
and the AICI; has apparently disap- 
peared but is present in the pores of 
the adsorbent. 


U.S.P. 2,311,712. Process for the Prepa- 
ration of Catalysts. B. S. Thomas to 
Shell Development Company. 
Optimum promoting action of the 

carrier material in carrier supported 
AICI; catalysts is obtained when very 
thin films of AICI, are deposited on the 
surface of the carrier by impregnation 
with AICl, vapors. According to the 
invention the vapor-phase impregnation 
is effected and superior catalysts are 
produced under controlled conditions 
in a continuous or semi-continuous 
countercurrent process. An adsorptive 
carrier is passed in the form of frag- 
ments or granules in a bed down 
through a vertically disposed adsorp- 
tion column maintained at a tempera- 
ture between 190 and 300° C. Vapor- 
ized AICI; is entering at the bottom of 
the column and passed countercurrently 
to the carrier through the bed. Catalyst 
is withdrawn from the column below 
the entrance point of AICI; vapors. 


U.S.P. 2,311,713. Catalyst and Process 
for the Preparation Thereof. S. B. 
Thomas and F. M. McMillan to Shell 
Development Company. 

A process for the production of im- 
proved combination AICI; catalysts is 
described which comprises the steps 
of providing a bed of adsorptive cata- 
lyst carrier material containing a small 
amount of firmly bound water and 
passing vapors of AICI, therethrough. 
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Under suitable conditions the carrier 
becomes impregnated with from 8 to 
28 percent AICl;, which is deposited on 
the surface in a thin film. The AICI, 
vapors and the carrier material are 
maintained at a temperature above the 
AICl; vaporization point during the ad- 
sorption step. 


U.S.P. 2,313,053. Catalyst and Prepara- 
tion Thereof. M. de Simo and F. M. 
McMillan and H. A. Cheney to Shell 
Development Company. 

The preparation of new aluminum 
halide catalysts is described which are 
said to be vastly superior due to in- 
creased activity, superior mechanical 
strength and less desintegration during 
use. AlCl; and suitable catalyst carrier, 
such as the various siliceous and/or 
aluminous materials of natural or syn- 
thetic origin, e.g., clay, bauxite, fuller’s 
earth, bentonite, kaoline, Florida earth, 
kieselguhr, montmorillonite, permutites, 
etc., which has been preferably, but not 
necessarily partially dehydrated by 
heating at 200 to 400° C. are mixed. The 
mixture is heated while under super- 
atmospheric pressure to a temperature, 
sufficiently high to melt the AICI; (at 
least 190° C., preferably 200-300° C.) 
under a pressure of e.g. 40 pounds. 
Pressures of from 40 to 1000 pounds 
may be employed. The catalytic mass 
obtained upon cooling is crushed to de- 
sired sizes. The increased catalytic effi- 
ciency of these materials is due to the 
promoting effect of the admixed com- 
ponents. The catalysts are excellently 
suitable for isomerization, alkylation, 
polymerization and cracking reactions. 


U.S.P. 2,313,054. Catalytic Isomerization 
of Saturated Hydrocarbons. M. de 
Simo, F. M. McMillan and H. A. 
Cheney to Shell Development Com- 
pany. 

The catalysts prepared according to 
U.S.P. 2,313,053 are used to isomerize 
saturated hydrocarbons and with spe- 
cial advantage n-butane and n-pentane, 
methylcyclopentane and _ dimethylclo- 
pentane in the presence of hydrogen 
halide promoters. Conversion rates up 
to 64 percent are obtained under iso- 
merization conditions. 


U.S.P. 2,313,661. Isomerization and Al- 
kylation of Paraffins. C. W. Mont- 
gomery to Gulf Research and Devel- 
opment Company. 

A combination isomerization and al- 
kylation process using AICI; catalysts 
and hydrogen halide promoters is de- 
scribed. The reactor consists of a hot 
zone containing the catalyst and a fol- 
lowing cool zone. Isomerization occurs 
when passing hydrocarbons through 
the hot zone. Aluminum halide is va- 
porized and carried over to the cool 
zone, maintained at a temperature suf- 
ficient to condense all aluminum halide 
but to keep hydrocarbons vaporized. 
Alkylation occurs in this zone. When 
the catalyst efficiency of the hot zone 
is reduced below the desirable, the hot 
zone is cooled and the cool zone heated 
and the gas flow reversed. 


U.S.P. 2,314,297. Process of Isomeriza- 
tion. C. W. Watson to The Texas 
Company. 

When isomerizing hydrocarbons with 
aluminum halide catalysts, hydrogen 
halide is used as a promoter. While the 
hydrogen halide has previously been 
mixed with the charge and passed over 





the catalyst, it is now suggested to 
introduce the promoter at a plurality of 
points within the reaction chamber. The 
concentration of the promoter is ~egu- 
lated to be highest where the concen- 
tration of n-paraffins is lowest. Higher 
conversion rates are thus obtained and 
rapid spoilage of the catalyst at the 
entrance zone of the reactor is avoided, 


U.S.P. 2,315,197. Method of Preparing 
Alkylated Hydrocarbons from Nor. 
mal-Paraffinic Hydrocarbons. A. R. 
Goldsby and K. Korpi to The Texas 
Company. 

A combination isomerization and al- 
kylation process with recycling of un- 
used n-butane to the isomerization zone 
is described. 


U.S.P. 2,316,247. Isomerization of Par. 
affins, V. N. Ipatieff and H. Pines to 
Universal Oil Products Company. 
For the isomerization of n-paraffins 

a composite catalyst is used which 

consists of substantially anhydrous 

chlorides of aluminum and zirkonium 
and a porous adsorbent. The reaction 
is carried out in the presence of small 
but definite quantities of hydrogen 
halide. A conversion of 30 to 60 per- 
cent per pass can be obtained. N-butane — 
can be isomerized within the range of © 

50 to 350° C. under pressure ranging 

from atmospheric to 200 atmospheres 

and preferably from 10 to 200 at 125° 

C. and higher. Increased pressure re- 

duces the volatility of AICl; and re ~ 

presses side reactions. Hydrogen halide 
in quantities of 0.5 to 10 percent by © 
volume of butane is present during the ~ 
reaction. 


U.S.P. 2,316,248. Isomerization of Par- — 
affins. V. N. Ipatieff and H. Pines to 
Universal Oil Products Company. 
Hydrocarbons are isomerized under 

the conditions of U.S.P. 2,316,247 with 

a catalyst consisting of the substanti- 

ally anhydrous chlorides of aluminum 

and copper and a relatively inert car- 
rier. 


U.S.P. 2,316,775. Treatment of Hydro- 
carbons. G. Egloff to Universal Oil 
Products Company. 

A process is described which com- 
prises subjecting n-butane to contact 
with vaporized AICI; at an isomeriza- 
tion temperature below the sublimation 
temperature of AICI; in the presence 0 
hydrogen chloride to give a reaction 
product containing a substantial por 
tion of i-butane which is then alkylated 
with olefins. N-butane is heated to 100 
to 350° F. at a pressure ranging from 
atmospheric to approximately 
pounds and commingled with from 0 
to 20 percent by weight of hydrogem 
chloride and up to 10 percent by weight 
of vaporized AICls. 


U.S.P. 2,317,241. Production of Ise 
Butane. W. A. Ackerman and W. 5. 
Bonell to Gulf Research and Devel- 
opment Company. } 
Aluminum chloride is dispersed in an 

inert liquid such as carbon disulfide, 

carbon tetrachloride, ethylbromide, 
chloroform, etc. The liquid must have 

a boiling point higher than that _of 

n-butane. A portion of the dispersion 

is constantly withdrawn from the body 
thereof and returned to the body of dis- 
persion in\a downward path. The tet 
perature of the body of dispersion & 
high enough to produce a_ substantia 
amount of aluminum halide vapo% 
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N-butane is constantly introduced into 
the dispersion and conducted together 
with aluminam halide vapor upwards 
in countercurrent contact with liquid 
dispersion returning to the main body 
of dispersion whereby the vapors are 
cooled sufficiently to condense alumi- 
num halide. 


U.S.P. 2,318,225. Production of Iso- 
Butane. V. N. Ipatieff and H. Pines 
to Universal Oil Products Company. 
A process for producing iso-butane 

is claimed which comprises subjecting 
n-butane to the action of an iron halide 
under conditions and in the presence of 
an amount of hydrogen halide such 
that isomerization of n-butane consti- 
tutes the principal reaction of the proc- 
ess. 


U.S.P. 2,318,226. Production of Iso- 

Butane. V. N. Ipatieff and H. Pines 
to Universal Oil Products Company. 
A process for producing iso-butane is 
claimed which comprises subjecting 
n-butane to the action of boron fluoride 
in the presence of metallic nickel un- 
der conditions and in the presence of 
an amount of hydrogen halide such 
that isomerization of n-butane consti- 
tutes the principal reaction of the proc- 
ess. 


U.S.P. 2,320,293. Conversion of Paraf- 
finic Hydrocarbons. P. Ostergaard to 
Gulf Oil Company. 

A method of rapidly conducting the 
conversion of paraffinic hydrocarbons 
into other branched-chain hydrocarbons 
in the liquid phase and in the presence 
of a liquid aluminum halide-hydrocar- 
bon catalyst is claimed, which com- 
prises so thoroughly and intimately 
contacting the hydrocarbon reactant 
material with the catalyst that a mix- 
ture is produced which has substan- 
tially no tendency to separate in the 
zone of reaction and which separates 
slowly by gravity separation after 
withdrawal from the zone of reaction, 
withdrawing such mixture from the 
zone of reaction and introducing it into 
a first separating vessel and separating 
the mixture therein into a liquid layer 
comprising the major part of the re- 
action product substantially free from 
catalyst and a liquid layer comprising 
catalyst containing substantial amounts 
of reaction product, separately with- 
drawing the substantially catalyst-free 
product and the reaction product- 
catalyst mixture from said vessel, re- 
cylcling the major part of the with- 
drawn reaction product and catalyst 
mixture to the zone of reaction, intro- 
ducing a minor part of the withdrawn 
reaction product-catalyst mixture into 
a second separating vessel and therein 
effecting a substantially complete sepa- 
ration of catalyst and reaction product, 
and separately withdrawing the sub- 
stantially catalyst-free reaction product 
and the thus separated catalyst from 
said second separating vessel. 


Refinery Fire Fatal to 
Three Ashland Employes 


Three men were fatally burned from 
an explosion and fire at the refining 
plant of Ashland Oil & Refining Com- 
pany, Ashland, Kentucky, June 15. Boyd 

organ, general superintendent; Crosby 
Rodgers, chief maintenance engineer, 
and Tom Brown, cracking plant opera- 
tor were the victims. 
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Synthetic Rubber Program Shaping Up to 
Assure Capacity Operation This Year 


Oil came into national promise as the 
source of the major part of the syn- 
thetic rubber program June 28, which 
previously had been proclaimed “Amer- 
ican Made Rubber Day” by Governor 
Coke R. Stevenson of Texas. The oc- 
casion was the formal opening of the 
rubber polymerization unit at Baytown, 
which will be operated by General Tire 
& Rubber Company and General Latex 
& Chemical Company. Butadiene for 
the unit is being made by Humble Oil 
& Refining Company and styrene is 
coming from the Texas City plant of 
Monsanto Chemical Company. 

The event, a program at Goose Creek 
near the plant, a luncheon in Houston 
and a national radio program in the 
evening amounted to an announcement 
that the plants that will contribute to 
the making of synthetic rubber in the 
Southwest are nearing completion. By 
November 1 the area will be producing 
351,000 tons of butadiene, 100,000 tons 
of stvrene, 345,000 tons of Buna S rub- 


aa latex and 68,000 tons of Buty! rub- 
er. 

The full program for the nation 
amounts to 735,000 tons of Buna § 
— and 75,000 tons of butyl rub- 
er. 

Plants in Arkansas, Louisiana and 
Texas will produce 351,000 tons of bu- 
tadiene each year, leaving 117,500 tons 
to be made from oil elsewhere and 
220,000 tons from alcohol, a national 
total of 735,000 tons per year. 

Two styrene plants in Texas will use 
propane as part of their raw material. 

Manufacture of Buna S latex at Bay- 
town was the second such event in the 
Southwest, as a similar plant at Baton 
Rouge. began manufacture in May. 
Standard Oil Company of Louisiana, 
Baton Rouge, likewise has completed 
its butadiene commitments with the 
government and now has annual capac- 
ity of 31,500 tons. 

The plants being completed in Texas 
and adjoining states are a part of the 





Company— 


Phillips Petroleum Company, Borger...... 


Southport Petroleum Company, Texas City 


Total in Louisiana. 


Total in Arkansas. 


Total in Southwest 


Company— 
Dow Chemical Company, Velasco 


Total Styrene . 


BUTADIENE MANUFACTURE 
TEXAS 


Neches Butane Products Company, Port Neches....... 
Sinclair Rubber, Inc., Houston............. : 


Humble Oil & Refining Company, Baytown 
Eastern States Petroleum Corp., Houston... 


Humble Oil & Refining Company, Ingleside. . 
Taylor Refining Company, Corpus Christi... 


Me Oe I os ec vc ceecaees 


LOUISIANA 
Cities Service Refining Company, Lake Charles 
Standard Oil Company of Louisiana, Baton Rouge... 


ARKANSAS 
Lion Oil Refining Company, El Dorado. » 


STYRENE MANUFACTURE 


Monsanto Chemical Company, Texas City... 


BUNA RUBBER COPOLYMERIZATION 
Copolymer Corporation, Baton Rouge....... 
Firestone Tire and Rubber Company, Lake Charles... . 
Firestone Tire and Rubber Company, Port Neches........................0055- 60; 
General Tire & Rubber Company, Baytown. . 
The B. F. Goodrich Company, Borger....... 
The B. F. Goodrich Company, Port Neches. . 
Goodyear Tire & Rubber Company, Houston 


Detet Gabe Pe os eo oe Sos. 


BUTYL RUBBER COPOLYMERIZATION 


Humble Oil & Refining Company, Baytown. . 
Standard Oil Company of Louisiana, Baton Rouge..................-----+>: 


Total Buty! Rubber.................. 


Total Rubber Manufacture........... 
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Heat or cool refinery © 
products with 


continuous YOTATOR 
























lnvestigute for AVIATION GASOLINE pro- 
duction, continuous GREASE PRODUCTION, 
cooling PARAFFIN WAX and many other 
general refinery applications ....... 


The Votator can be used when conventional heat exchange 
equipment cannot. For example, in handling heavy 
viscous materials. 
The above section of a Votator heat transfer cylinder 
illustrates how heating or cooling can be accomplished 
m seconds and in a continuous manner. The product is 
pumped in at one end, heated or cooled to a uniform 
temperature, and discharged at the other end at the 
temperature desired. 
igh speed agitation under pressure in the Votator 
assures thorough mixing simultaneous with heating or 
cooling. Because the Votator is enclosed, all air and 
moistur> is excluded. However, if desired;-any predeter- 
mined amount of inert gas may be pumped into the 
Votator cylinder and incorporated with the product at the 
lime of heat transfer. 


— 
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Heston. or cooling medium 
enters here, is discharged at 
opposite end of tube. 


Heavy insulation reduces heat 
or cold loss to a minimum. 


Heating or cooling medium 
passes thru this annular space. 


Product passes thru this an- 


nular space and is pumped 
out opposite end A tubes 


Product enters heat transfer 
tube here. 


Rotating mutator shaft with 
attached scraper blades is 
motor driven. 


Blades scrape film of material 
from wall several hundred 
times per minute. 


Heat or cold is transfered to 
eee almost instantly thru 
in tube wall. 


A Votator is extremely simple to operate. Adjustments 
in operating conditions can be made quickly, and results 
are immediate. Automatic controls and regulators safe- 
guard against carelessness or negligence. 
The speed of heat transfer, accurate temperature control, 
rapid, continuous flow, and the fully enclosed unit are 
Votator features that result in operating economies not - 
possible with ordinary types of heat exchange equipment. 
The added advantage of simultaneous mixing or emulsi- 
fying also will reduce processing costs sh 


Write today for further information and 
illustrated booklet. 


Je GIRDLER 
CORPORATION 


VOTATOR DIVISION e¢ LOUISVILLE, KENTUCKY 





aN 


Heart of the VOTATOR 
is the heat transfer 
ovlinder.. ...:. os os 





save time. 
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How does SHELLFIN work? 


One fluid passes through the tubes, cooling or 
heating the second fluid which passes outside 
and across the tubes in the shell, its path being 
directed by the “segment cut” baffles in the tube 
bundle, exactly like most other units, EXCEPT 


SHELLFIN 


the STANDARDIZED 


shell & finned tube 
HEAT ‘EXCHANGER 


What is the SHELLFIN? 


It is a standard design shell and 
finned tube heat exchanger conceived 
and developed by Downingtown engi- 
neers to be built on a cost-saving, 
time-saving production basis. With only 
minor changes in its construction, such 
as baffle spacing and length combina- 
tions of units, it meets the conditions 
found in a wide variety of uses for 
heat exchangers. 


that the finned tubing compensates for differ- 


ence in heat transfer rate between shell fluid 


and tube fluid. 


Where can the SHELLFIN be used? 


Principally between two fluids in medium tem- 
perature range, where one fluid has a materially 
higher heat transfer coefficient than the other. 
For cooling clean light oils and solvents—for 
cooling jacket water and lubricating oil on diesel 
or gas engines—for condensing refrigerants and 


organic solvents. 


*Pat. Applied for 





DOWNINGTOWN IRON WORKS 


DOWNINGTOWN, PA. 
HEAT EXCHANGERS 











SEND FOR FOLDER that answers your 
questions about SHELLFIN. Write, on 
your letterhead, for copy. 





“Best pump buy 


we ever made’ 


..- from a letter by a chemical process 
plant executive to Taber. 





Pump illustrated is used extensively for 
handling Oleum, Concentrated Sulphuric 
Acid, Mixed Acids, etc., because: 


a} Liquids handled do not come in contact 
with pump stuffing box. 


ae Repacking interruptions reduced to a 


minimum. 


To compensate for non-lubricating prop- 
erties of liquid or other chemical solu- 
tions pumped, larger bearings are used. 


E> Damaging vibration is prevented by lar- 





ger shaft diameters. 


For complete information write for 


BULLETIN V-837 


TABER Pump Co. 
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program that grew out of the loss of 
Singapore in 1941. It has been financed 
by the federal government and wil] 
cost $700,000,000 when complete. Oj] 
companies, rubber companies and chem- 
ical companies are operating the plants 
as lessees. 

The part being played by the oil 
industry represents advancements in re- 
fining processes. In large measure this 
consists of providing butadiene, which 
is turned over to the rubber industry 
for combining with styrene and other 
chemicals to form Buna § rubber. 

Butyl rubber is an exception, since 
it consists of petroleum ingredients only 
and is made by the petroleum industry. 

There are three methods of making 
butadiene incorporated in this part of 
the program. Oil can be heated to high 
temperature, around 1350° F, then sud- 
denly contacted with steam with the 
result that a portion of. the charge be- 
comes butadiene, a gas similar to bu- 
tane. This process is known as the 
refinery conversion (quickie) method 
and will provide less than 50,000 tons 
of annual capacity. 

Another method is to start with bu- 
tane, one of the more plentiful gases, 
which can be recovered from crude oil 
storage, segregated in natural-gasoline 
manufacture or from cracking still op- 
eration in refining. Butane has to be 
processed twice to make butadiene. The 
first processing removes two atoms of 
hydrogen from each molecule and 
leaves butylene, which is successively 
processed and two more _ hydrogen 
atoms removed to leave butadiene. 

The method responsible for the 
greater part of the butadiene, however, 
calls for one step of processing. In the 
new catalytic refining processes oper- 
ation is so controlled that high yields 
of butylene result. The butylene is put 
through one step of hydrogen removal 
to make butadiene. 

Styrene manufacture in Texas and 
in California will be through processes 
developed for petroleum refining and 
propane, a gas common to natural gaso- 
line processing, will be one part of the 
raw material. Propane is thermally 
cracked under conditions that form 
ethylene. In turn ethylene and benzol 
from coal tar distillation are put to- 
gether by alkylation to form ethylben- 
zene. Finally ethylbenzene is processed 
by removal of hydrogen atoms to leave 
styrene. 

Butadiene and styrene are the lead- 
ing ingredients of Buna S rubber. These 
and other chemicals, brine, sulphuric 
acid and soap solution are the combina- 
tion which are mixed with a catalyst 
to the end that a product similar to 
natural latex is formed. 

The ceremonies in Baytown and 
Houston had connection with Wash- 
ington through radio speeches by Jesse 
H. Jones, Secretary of Commerce; Al- 
bert Thomas, Congressman from Hous- 
ton; R. E. Thomason, Congressman 
from El Paso. Other speakers included 
William O’Neil, president of General 
Tire & Rubber Company; H. Stuart 
Hotshkiss, president of General Latex 
& Chemical Company; Harry C. Wiess, 
president of Humble Oil & Refining 
Company, and Governor Stevenson of 
Texas. 

The copolymerization plant of 30,000 
tons annual capacity will produce latex 
equal to the output of 100,000 acres of 
rubber plantation, which would repre 
sent an investment of $27,000,000 and 
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A BOOST FOR BUSY BOILERS... 


(A 














You'll get valuable ideas 

from these free bulletins 
on other 

Coppus Blue Ribbon 
Products 


(Check the ones you want) 
































































1 
e 
" Coppus Air Filters. For engines 
and air compressors. Perfect, un- 
g interrupted filtration. Bulletin 
a F-310-4, 
d 
$ 
5 
i 
e 
€ Coppus Type C Turbo Blower. 
e For undergrate draft. Bulletin 
f 145-6. 
“sats 
d 
d 
n THRU-PUT CAN BE INCREASED 
BY MORE COMPLETE COMBUSTION — WITH FANMIX 
€ 
r, 
e .\' 
eg 
S F ‘= 
it oe y Coppus Heat Killers. High speed 
: blasts for cooling and drying fur- 
al naces, motors, generators, prod- 
ucts, etc. Bulletin 160-5. 
d 
‘i Your gas fired boilers are not operat- air, thus eliminating from the furnace 
ing at maximum load possible, if you the necessity of serving as a mixing 
ne haven’t yet installed the new gas chamber as well as combustion space. 
ly burner that produces a perfectly com- Ignition is instantaneous, and com- 
nf bustible mixture of air and gas. bustion is so complete that no flame Coppus Steam Turbines. 6 sizes 
7 With a Coppus-Dennis FANMIX is visible. A constant temperature pag i ee eo eee re 
. on the job, you get much greater heat exists throughout the furnace — there 
od release per cubic foot of furnace volume. are no drifting “hot spots’. On new 
ve Gas escaping from radially spaced equipment, FANMIX saves combus- 
4. orifices in the driving arms rotates the tion space, stack height and the cost 
ai fan; causing in-take of air at right of forced draft equipment. 
ie angles to the path of the gas. Write for free Booklet 410-3 describ- Ss 
\a- The energy in gas under pressure is ing other exclusive fuel-saving, equip- Coppus Cable Manhole and Tank 
se utilized to perform work by mechani- ment-saving advantages of Coppus- Ventilators. For confined working 
cally mixing and proportioning the Dennis FANMIX Gas Burners —a pe IA AN 
nd gas with just the proper amount of Coppus “Blue Ribbon” product. [] 
h- E : : 
aa COPPUS ENGINEERING CORPORATION Siang Prantl =n aay 
A]- ” a 417 Park Ave., Worcester, Mass. sam 
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HOW W-T'S’ SPEED UP 


PIPING 


INSTALLATIONS 




















~ 














1. Branch pipe outlets can be made 
with W-T’s* anywhere on the main 
pipe without the use of templets. 


S \VI GE 
roy pos 
> ) 














2. W-T’s* eliminate all threading and 
fitting of main pipe in making branch 
pipe outlets. 

















3. If outlet is 2’ or smaller, hole is 
cut in the main pipe with drill or hole- 
saw before W-Ts* are installed—on 
larger sizes, with torch after installation. 


4. The use of W-T’s* permits inspection 
of inside of joint, removal of scale and 
excess weld metal before branch is 
attached. 


























5. Funnel-shaped intake of W-T’s* 
reduces vibrational stress at junction— 
eliminates need of extra braces and 
hangers. 


Wr are suitable for all commonly used 
'Y type of 

They can be installed before or 
the main line with ease and 
economy. Equally well adapted to pre-fabricated 
b Cost no more—in 

many cases less than ordinary fittings without 
their advantages. Stock fittings of drop forged 
but to meet special conditions can be 
supplied in Monel, Everdur, Toncan Iron, wrought 


pressures and temperatures in ever 
Piping system. 
after erection 


or “on-the-job” assemblies. 


steel 


iron, etc. 


Write for Bulletin WT-31 giving complete 


description of all advantages. 
*WeldOlets-ThredOlets 


Forged Fittings Division 
BONNEY FORGE & TOOL WORKS, ALLENTOWN, PA. 


6. Branch pipe is attached to outlet 


of fitting by welding—or, if outlet is 
threade by. screwing into outlet of 
fitting. W-TI's* provide leakproof junc- 


tion of full pipe strength. 


3 Types Meet Every Need 


Beveled outlet of 
WELDOLETS permits 
branch pipe to be at- 
tached with plain butt 
weld. 


Threaded outlet of 
THREDOLETS per- 
mits pipe to 
be screwed into outlet 
of fitting. 


Outiet of SOCKET- 
END WELDOLET is bored to accept 
standard outside pipe diameters. Junction 
— with weld around top of 

ng. 





All 3 types available for all standard 
pipe sizes up to 24”. 





WELDOLETS: 


~THREDOLETS 
Welded Outlets fo. Every Pyaing System 
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require at least six years to gain pro- 
duction. The plant can be built for a 
tkird of the plantation cost in less than 
a year. A rubber plantation of 100,00 
acres would require 25,000 workers, 
while the plant will be operated by 
350 men. d 


Build Oklahoma Plant 
For Aviation Gasoline 


Completion of the new refining plant 
of Associated Refineries, Inc., in South- 
ern Oklahoma will give that state its 
first refinery built for the production of 
finished 100-octane gasoline. The ven- 
ture is being built by a combination of 
eight refining companies: Bell Oil & 
Gas Company, Tulsa; Ben Franklin Re- 
fining Company, Ardmore; Cosco Oj 
Company, Davis; La Salle Petroleum 
Corporation and Panhandle Refining 
Company, Wichita Falls; Rock Island 
Refining Company, Duncan, and W. T. 
Waggoner Estate, Electra, Texas. 

Officials of the company are L., B. 
Simmons, president of Rock Island Re- 
fining Company, chairman of the board; 
M. L. Freese, Bell Oil & Gas Com- 


pany, president and general manager. 


| Other directors are B. I. Lubell, R. V. 


L.H. 
D. Wil- 


Anderson, J. S. Cosden, Jr., 
Prichard, R. C. Stanford, P. 
liams and H. B. Alspaugh. 

The eight member companies are 
making changes in equipment and op- 
erations in their plants so as to fill their 
parts in the contract to contribute cer- 
tain raw materials to the new plant. 
Each will continue to operate its own 
plant. 

The combination venture will cost 
about $10,000,000 and is being financed 
through Defense Plant Corporation. The 
catalytic units for the production of 
aviation gasoline were designed by Uni- 
versal Oil Products Company and will 
be operated under license from that 
company. Construction is being done 
by Frick-Reid Supply Corporation, 
Tulsa. 

The catalytic-cracking unit is of the 
fluid-flow type, similar to that recently 
completed at the Bayway plant ot 
Standard Oil Company of New Jersey. 
Other catalytic units include hydrogen- 
fluoride alkylation and an isomerization 
unit, each licensed by Universal Oil 
Products Company. 

The catalytic units are of latest de- 
sign, which makes possible the produc- 
tion of aviation gasoline base stock as 
well as alkylates for blending to de- 
sired specifications. Flexibility of opera 
tions makes it possible to meet variation 
in specifications. While the plant 's 
being built especially for production of 4 
war material, it can easily be adapted 
to peacetime production because of its 
flexibility. 


Raigorodsky Leaves PAW 
Natural Gasoline Section 


Paul M. Raigorodsky resigned July ! 
as assistant director of the natural-gas 
and natural-gasoline section of the Pe 
troleum Administration for War. He 
will return to private business, being 
vice president and general manager ° 
Petroleum Engineers, Inc., and len 
Rose Gasoline Company, Tulsa 

Raigorodsky joined the gove rnmental 
agency in September, 1941, when it was 
designated Office of Petroleum Coord 
nator. 
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Crude Oil Prices an 


Conservation 


JOHN D. GILL* 
The Atlantic Refining Company 


Before the Quarterly Meeting of Interstate Oil Compact Commission, 


a countries will be saved from 
vandalism, and their peoples from ter- 
rorism, massacre and enslavement, by 
the practice of the principles of con- 
servation evolved by the personnel of 
the oil industry and the oil-regulating 
bodies of the states which ratified the 
compact creating your commission. 


That eventuality establishes the im- 
portance of conservation. Now the prac- 
tice of conservation is threatened by the 
federal price-control agency’s current 
policy concerning petroleum prices. To 
outline the possible serious ultimate con- 
sequences of that policy is my present 
purpose. 

I need not take time to tell you how 
necessary oil is to quick victory over 
our powerful enemies. It is sufficient 
to say that we will win the war by our 
use of unprecedented amounts of oil, 
vastly exceeding the oil available to the 
Axis powers. Currently. the American 
oil industry can produce, conservatively, 
that is, without waste, approximately 
4,600,000 barrels of oil a day. If it were 
forced to abandon the practice of con- 
servation, as it might have been forced 
to do if our enemies had been more 
successful in their attempts to capture 
the oil resources of other countries, it 
could produce a substantially greater 
quantity daily. There would be no 
question of a shortage of oil with which 
to bring the war to an early successful 
termination and with the minimum loss 
of life and property of the United Na- 
tions. We could veritably deluge our 
tnemies with petroleum. 

The practice of conservation during 
Most of the last 18 years has led the in- 
dustry to discover nearly 15 billion bar- 
tels of oil in excess of the quantity it 
has produced. By this means its proven 
serves have been increased from 
° $00,000,000 barrels at the beginning of 
925 to a little more than 20 billion bar- 
rels at the beginning of the present year. 

Perhaps it is the existence of this vast 
Mroductive capacity which has made the 


Office of Price Administration turn a 
—, 


* 
nnn’ T:, Knight, The Atlantic Refining Com- 
NY, coll: orating on the calculations. 


Pittsburgh, June 26, 1943 


nearly deaf ear to the industry’s petition 
for a measure of the proved effective 
means of stimulating the search for 
additional reserves. That agency exer- 
cises vast powers over the production 
processes of the oil industry through the 
control of the prices of its raw materials 
and products. But the very complacency 
of the agency threatens a breakdown in 
the practice of the principles of conser- 
vation which this commission, its under- 
lying state agencies, and the personnel 
of the petroleum industry have labored 
so strenuously to perfect. It is because 
of the close relation between the prac- 
tice of conservation principles and the 
practice of price policies that at this 
time the members of this commission 
must of necessity possess a lively inter- 
est in the latter policies, as they have 
heretofore in the former practices. 

Were it not for the conservative 
methods of oil-field development, and 
of crude-oil withdrawals from reserves, 
which the commission has so _ unre- 
servedly sponsored, the oil industry 
even now might be moving heaven and 
earth to discover and develop additional 
oil reserves with which to stave off the 
enemy. And believe me, if one can 
judge from the obvious willingness of 
the Army and Navy to pay productively 
stimulating prices for the munitions of 
war which are urgently required, the 
efforts to find and develop crude-oil re- 
serves would not be restricted by a 
price policy established to achieve some 
entirely different and non-productive 
purpose. 

Because of devotion to the anti-infla- 
tionary fetish and the complacency to 
which I have referred, no weighty mea- 
sures have been adopted for the stimu- 
lation of the search for oil, although 
some exceedingly fantastic suggestions 
for the subsidization of selected ele- 
ments of our business have been pro- 
posed; and no very effective changes 
have been made in prices of crude oils, 
except to a limited extent in the Cali- 
fornia producing area. 

Before proceeding with.a discussion 
of the intimate relation which exists 
between the prices of petroleum and 
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the conservation of this resource, I 
should like to offer for your considera- 
tion a few figures which establish the 
validity of the statements already made. 
At the beginning of the year 1925, ac- 
cording to a generally accepted esti- 
mate, the domestic petroleum industry 
possessed a proven oil reserve of 5,321,- 
427,000 barrels. That reserve was drawn 
upon freely without regard to the prin- 
ciples of conservation subsequently 
evolved and promulgated and slowly 
woven into the practices of the indus- 
try. Over the next 18 years, that is, to 
the first of this year, the industry dis- 
covered reserves estimated to yield by 
conservative methods of production 33,- 
455,778,000 barrels of oil. During this 
period, the industry produced 18,694,- 
412,000 barrels of oil from the total re- 
serve, by methods each year more and 
more in accord with the principles of 
conservation. Consequently, the under- 
ground inventory of proven oil increased 
by 14,761,366,000 barrels. At the be- 
ginning of 1943 the reserve contained 
20,082,793,000 barrels. Had the industry 
continued during the 18 years after 
January 1, 1925 the production prac- 
tices in vogue at the beginning of the 
period, and had the demand upon it 
been as reported, there would have been 
discovered reserves which in all prob- 
ability ultimately would have yielded 
only 20,006,052,000 barrels by those now 
outmoded production methods. As of 
the first of this year the proven reserve 
would have been only about 6,700,000,- 
000 barrels, which is all the reserve 
necessary for the production of today’s 
supply on a wide-open-flow basis, if 
each year about as much oil is discov- 
ered as is produced. However, the indus- 
try and the public would be subjected to 
all the effects of the vicissitudes of dis- 
covery, including violent changes in 
prices, a characteristic of the industry’s 
affairs over many decades. 

Now note please that the difference 
between the 33 odd billion barrels, 
which the industry believes it discovered 
during this period, and the 20 odd bil- 
lion barrels which it would have re- 
ported as discoveries while exerting it- 
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self to supply the 18 odd billion barrels 
of actual demand, is; to a considerable 
extent, maybe nearly to the full extent 
of the 13 odd billion barrel difference, 
oil that was saved to the country by 
the practice of the principles of con- 
servation. This vast conservation in- 
crement is placed in jeopardy by a 
price-control policy which ignores the 
needs of the industry for additions, 
through price increases, to the revolv- 
ing fund employed for the whole proc- 
ess of finding oil. Existing reserves 
are threatened with wasteful depletion 
as the result of the declining’ fruitful- 
ness of discovery efforts. 

It is conceivable that in the event of 
an indefinite prolongation of the war, 
making ever-increasing demands upon 
the petroleum industry, that withdraw- 
als each year would continue to exceed 
discoveries; would force the industry to 
resort to the rapid exhaustion of re- 
serves by practices abhorrent to this 
commission, bringing about a loss of 
all, or most, of the 13 billion barrels of 
reserves which the industry has hus- 
banded through the practice of the 
principles of conservation. This is a 
possible price that the public would 
have to pay for the negation of the 
Petroleum Administrator’s recommen- 
dation for a general crude oil price in- 
crease of 35 cents per barrel, which is 
less than 0.85 cents per gallon. 

During recent years, indeed continu- 
ously to the present time, the produc- 
tion of crude oil has proceeded in an 
orderly way without the free flowing of 
wells, or other excessively rapid and 
wasteful exhaustion of reserves, and, 
with only minor exceptions, at rates at 
or below the estimated maximum effi- 
cient rates of production. These facts 
seem to support a view that no one has 
cause for remonstrance with the price 
agency's negation of a general crude- 
oil-price increase on the ground that 
the negation weakens’ the practice of 
conservation. They may satisfy those 
who pride themselves on being realists, 
as well as conservationists, with a strong 
bent to a rigid national price policy, 
because they are all the facts. But true 
realists and true conservationists deal 
not only with the facts of the past and 
present moment, but also with the prob- 
abilities of the future. The probabili- 
ties have been forecast by the long-ex- 





1See Report “On the Study of the Crude 
Oil Price Structure to Determine Those Fac- 
tors Which can be Expected to Stimulate and 
Increase the Rate of Discovery of New Re- 
serves of Crude Oil’’ by the Committee on Cost 
and Price Adjustment to the Petroleum In- 
dustry War Council, February 3, 1943; See E. 
De Golyer, before the Annual Meeting, A. I. 
M. M. E., February 18, 1943. 

2It appears highly significant that the 
Petroleum Administrator for War has certi- 
fled for June, 1943, generally lower produc- 
tion rates to the Eastern and Midwest pro- 
ducing states because of the declining produc- 
tive capacities of the fields in those areas. 

*The outlook is for replacement costs up- 
wards of one-third higher than the capital 
costs of existing productive facilities. (Author) 
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perienced and competent personnel of 
the crude-oil-price study group of the 
Cost and Price Adjustment Committee 
of the Petroleum Industry War Council, 
and by the crude-oil-production special- 
ists of the Office of the Petroleum Ad- 
ministrator for War. I shall not here 
go into the details of their reasoning. 
Their main conclusions may be ex- 
pressed briefly, as follows: 

1. In the near future the demand for 
petroleum will exceed the currently 
available maximum efficient supply, ne- 
cessitating resort to wasteful produc- 
tion; 

2. Because of increases in virtually 
all of the items of cost in the search 
for and development of reserves, and 
especially because of the increasing ef- 
fort required to achieve any given vol- 
ume of discovery; the capital’ costs of 
crude oil properties and the operating 
costs of producing crude yet to be dis- 
covered will be measureably higher than 
the costs that attach to the reserves 
heretofore discovered and developed. 

But the probabilities cannot be 
proved. The Office of Price Adminis- 
tration does not consider them inher- 
ently factual. Therefore, they are of 
little concern to that agency. Compla- 
cency continues to obsess its mind. 

The chief reason for the price-control 
agency’s negation of the industry’s claim 
for an upward adjustment in ceiling 
prices may grow out of the fact that 
it is the servant of two masters, and 
like the servant of the biblical parable, 
must cleave to one and despise the 
other. The two masters are respec- 
tively: first, the hold-the-line policy of 
the executive branch of the federal gov- 
ernment; and, second, volumes of pro- 
duction necessary to the highest welfare 
of the nation. Its price policies must 
serve both masters. The price agency 
appears to be very much more con- 
cerned about the effect of an increase 
in the price of petroleum upon the 
hold-the-line policy than upon the in- 
dustry’s ability to satisfy, without waste, 
all demands upon it, or upon the finan- 
cial status of producers who are forced 
now to produce oil for prices which 
will not yield replacement costs. 

The hold-the-line policy, therefore, be- 
comes the primary master and the vol- 
ume of production to satisfy demand 
the secondary one. But this is not to 
say that in its disregard for this sec- 
ondary master, the agency in charge of 
price control would openly sponsor, or 
even indifferently acquiesce to the waste- 
ful production of properties. No doubt 
that agency would exercise itself to 
avoid such imputation. But if the com- 
mittee of the PIWC and the experts 
of PAW are right in their judgment 
regarding the imminence of a shortage 
of supply, an issue may be created 
which the Office of Price Administra- 
tion cannot long ignore. Either crude 
oi! must be wastefully produced in order 





to satisfy total demand, or total demand 
must be further reduced for the purpose 
of holding the line. Perhaps it is largely 
because of a leaning toward the second 
of these alternatives that the power to 
ration petroleum products has been 
invoked. Rationing for cause or by pre- 
text has proceeded to such an extent 
that the entire demands of our military 
forces, which have multiplied an un. 
imaginable number of times the peace. 
time volume, have been and continue 
to be met, by the deprivation of the 
civilian population. Indeed the 1943 
civilian consumption probably will be 
385 million barrels less than it would 
have been had the war not altered the 
relatively even tenor of our ways. 


If the deprivation of civilians were 
the only course open for the most vigor- 
ous prosecution of the war, there would, 
of course, be no issue. But the severe 
restriction of civilian consumption in 
nearly all parts of the country should 
be unnecessary; restriction operates to 
increase the inflationary gap, so abhor- 
rent to the price administration; and in 
a significant way does violence to the 
principles of conservation broadly in- 
terpreted in terms of the welfare of the 
people. 


When petroleum products are wisely 
used, many opportunities for a fuller, 
richer life are provided. I need not at- 
tempt to detail the effect of the petro- 
leum-propelled and lubricated automo- 
bile upon the development of our Amer- 
ican society. It has made possible the 
better education of our children, es- 
pecially in rural communities by replac- 
ing the one-roomed school by the con- 
solidated school. It has increased the 
accessibility of natural economic fe- 
sources of forest and field, mountain 
and lake; brought a freer social min- 
gling of the people; broken down some 
barriers between them; and has been 
the basis for a certain economic pfo- 
gress subtly brought about by the in- 
tensification of competition as buyers 
have been enabled to compare values 
offered by merchants in different parts 
of large towns and of merchants in one 
town with those of another. 

Now it well might be that the im- 
pacts of the war, which brought about a 
reduction in the usually employed oil 
transportation facilities available to the 
Eastern section of the United States; 
and the loss, for the time being, of our 
accustomed source of rubber, might 
have forced a rigorous restriction in the 
use of gasoline in that area. But the 
loss of transportation had little, and 
the loss of our rubber supply had noth- 
ing directly to do with the restrictions 
in the consumption of that fraction of 
crude petroleum which ordinarily is em- 
ployed for the heating of homes and 
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other peopled buildings. For the year, 
1943, the normal expected demand for 
oils for this purpose totals 238 million 
barrels. But it appears now that the 
supply will be more than 69 million bar- 
rels, or 29 per cent short of the require- 
ments. This is a serious curtailment 
which reduces the conveniences and 
comforts of living and jeopardizes the 
health of those persons whose homes 
and places of occupation are heated by 
petroleum. 

From even this brief statement it 
must be clear that just as “price” is 
intimately related to the conservation of 
petroleum, so it is related to conser- 
vation in the broad sense of the term‘. 


Price Determines Effort 

Price determines the character and 
extent of use and of the competition of 
other commodities. It also determines 
the amount of effort which may be ex- 
pended in the search for reserves, for 
production therefrom, for transporta- 
tion and refining. Price always has been 
the factor which equated supply and 
demand. In peacetime, price has been 
a variable moving to any level necessary 
to perform its equalizing function. But 
at present the cart and horse are re- 
versed. Price is no longer the free- 
moving variable to equate supply and 
demand, but is a constant to restrict 
the supply to a preconcieved total of 
demand. This is a condition unfortu- 
nate for civilians hungry for petroleum 
products, but it is the case. 

If federal control of prices were con- 
cerned only with the maximum wartime 
production of goods in order of their 
essentiality, there is no doubt that in 
the light of diminishing discoveries of 
new reserves for any given volume of 
exploratory effort, and in further view 
of the imminence of a shortage of sup- 
ply, the price-control agency would long 
ago have accorded a general increase 
in the prices of crude petroleums and 
their products. 


Other Elements 

But it is conceded that from the view- 
point of the hold-the-linists, the problem 
of the prices of crude petroleum should 
not be considered apart from its rela- 
tions to the price problems of other ele- 
ments of the economy. The impact of 
changes in one set of commodity prices 
upon the costs of many other com- 
modities, and hence upon many other 
Prices, is too well understood to need 
'estating here. However, when the con- 
trol of the prices of a natural resource 
like petroleum and its derived products 
's part of a general price-freezing policy, 
Production is stifled as emphasis is 
Placed more and more upon the main 
Objective, price immobility. When an 
merease in any price is refused because 
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of an assumed or possible effect on 
other prices in a system which brooks 
no change in average price, we have, 
to say the least, an impasse. We ex- 
perience a diminution in economic wel- 
fare. 

Moreover, there is a source of cost 
increases in the case of petroleum which 
is not related to changes in the unit 
prices of goods and services entering 
into its discovery and production. I re- 
fer, of course, again to that increment 
of cost arising out of the increasing dif- 
ficulty of finding oil. This is a condi- 
tion peculiar to petroleum. It should 
be recognized by thé price-control au- 
thorities and due allowance made for it. 
Relatively moderate changes in prices, 
possible now to effect a gradual exten- 
sion of productive capacity, would avoid 
violent changes in prices necessitated 
by shortages developed otherwise in the 
future. Violent price changes have al- 
ways been accompanied by inefficiency 


and waste. 
Our industry has learned to live under 


controls on its oil-production processes. 
Indeed many of the present oil-field 
controls have been initiated by the in- 
dustry; all of them have been imple- 
mented by regulations promulgated by 
appropriate bodies of the compact mem- 
ber-states. But these controls have in 
the main been either of a police-power 
nature or designed to deal solely with 
technical aspects of oil production in 
order that perfection might be ap- 
proached in the practice of the prin- 
ciples of conservation. Economic con- 
trol, to the extent that it has been exer- 
cised, has been incidental. The over-all 
result has been relative freedom from 
violent changes in the factors of price, 
supply and demand, except as these 
have been affected by external forces. 
But now we are faced with federal 
economic controls of factors which are 
not readily susceptible to expression in 
formulas by technical experts—factors 
which logically change with the inter- 
play of competitive forces. 

Profound, perplexing questions are 
following in the wake of our current 
experiences. Many of them will go 
unanswered in the event of an early 
termination of.the war and a prompt 
return to a wholesome degree of eco- 
nomic freedom. But there are other 
questions which must be answered soon 
if the prospect is for an indefinite pro- 
longation of the war. Some of them 
center around the character of the ex- 
isting price control: How long will 
crude prices be kept at their 1937 price 
level while the average of all commodity 
prices is now 20.5 per cent above the 
1937 level? How much oil can we af- 
ford to waste or what further restriction 
of civilian consumption impose in order 
to avoid raising petroleum products 
prices by about 7 percent? 
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Pennsylvania Grade Association 
Warned of Pending Oil Shortage 


Agreeing that a price raise of from 
75 cents to $1.00 per barrel is neces- 
sary to speed up and increase oil re- 
covery, officials of the Pennsylvania 
Grade Crude Oil Association meeting in 
Pennsylvania, June 25, urged such a 
price increase immediately. 

“OPA is creating an oil bottleneck 
that threatens the entire war effort,” 
charged Representative Leon H. Gavin, 
Oil City, Pennsylvania, as he spoke to 
the group. “It is a critical situation,” he 
declared, “and it will be a terrible 
catastrophe if within a few months from 
now, by reason of the short-sighted 
policy of OPA, we find ourselves with- 
out sufficient oil to fully man the ma- 
chines of war.” 

Assistant Deputy Petroleum Adminis- 
trator Robert E. Allen also warned of 
an oil shoriage. He stated that the 
United States faces a permanent dearth 
of petroleum unless exploratory work is 
increased. “The industry must find new 
fields, drill new wells and finance new 
operations. To accomplish this, an ade- 
quate price must be established as a 
national structure.” 

The oil industry, like all others, is 
most responsive to the profit motive, 
Colonel E. O. Thompson, chairman of 
the Texas Railroad Commission, as- 
serted before the meeting. “Subsidies 
will not get the oil,” he said. “From my 
experience I would say they will drill 
for the subsidy and not for the oil.” Dis- 
covery of a major field every week is 
necessary to meet the present demand 
for oil and its products, and to main- 
tain proper reserves, Colonel Thompson 
declared. 

Other speakers were Governor An- 
drew F. Schoeppel, of Kansas; Rudolph 
R_ Cubicciotti of L. Sonneborn Sons, 
New York; Samuel F. Pratt, general 
secretary of the association; and Fayette 
B. Dow, vice president and general 
counsel. 

New officers chosen for the coming 
year were: D. T. Andrus, Bradford, 
president;; Arthur T. Simmons, Brad- 
ford, first vice president; D. T. Ring, 
Columbus, Ohio, second vice president; 
Samuel Messer, Oil City, treasurer, and 
Walter R. Reitz, Oil City, assistant 
treasurer. 


Chemical Society to 
Meet in Pittsburgh 


The 1943 fall meeting of the Ameri- 
can Chemical Society will be held in 
Pittsburgh, September 5 through 10. 
This meeting is being dedicated to the 
war effort. Its scientific sessions will be 
pointed toward the Axis. There will be 
no plant and field trips and no organized 
entertainment. 

Sessions of the Division of Petroleum 
Chemistry likely will be held Septem- 
ber 9 and 10 and these programs will 
be general in nature. 

C. Warner of the department of 
chemistry, Carnegie Institute of Tech- 
nology, is general chairman of the local 
committees. 

Because of the housing situation and 
the nature of the meeting, an effort is 


being made to restrict attendance to 
those primarily interested in the ses. 
sions. Along this line the announce. 
ment read: 

“Pittsburgh is not seeking a record 
attendance. Rather the section desires 
to make certain that the limited facilities 
available are used to best advantage. 
Therefore, it is the society’s unpleasant 
task to request wives and families to 
forego this meeting in order that ayail- 
able transportation and housing be used 
to accommodate all chemists and chemi. 
cal engineers who should attend.” 


Edgar H. Fallin Joins 
Pennsylvania Association 


Edgar H. Fallin, Audubon, New Jer- 
sey, has been appointed Pacific Coast 
representative of the Pennsylvania 
Grade Crude Oil Association. He will 
have headquarters in Los Angeles, 
where he succeeded Thomas McAuliffe, 
who resigned in April. 

Before undertaking his new duties he 
studied at association headquarters in 
Oil City and at the laboratory of The 
Pennsylvania State College. He left for 
his Pacific Coast duties after attending 
the meeting of the association in Pitts- 
burgh, June 25. 


Carbon Black Sales and 
Output Down in 1942 


Both production and sales of carbon 
blacks were lower in 1942 than in 1941 
according to the compilation on this 
product as prepared for the Mineral 
Industry Survey of the United States 
Bureau of Mines. Production was only 
3 percent below the record year, 1941, 
sales, however, were down 30 percent, a 
condition brought about when con- 
sumers bought heavily in 1941 in an- 
ticipation of a price increase. _ 

A resume of the status of carbon 
black as prepared by H. Backus under 
the supervision of G. R. Hopkins, Petro- 
leum Economics Division, follows: 

“Stocks held by producers at the end 
of 1942 were 242,755,000 pounds, the 
highest level since 1932, when 257,99%,- 
000 pounds were reported, and more 
than double the 118,847,000 pounds in 
stock at the end of 1941. 

“Natural gas burned in the manufac- 
ture of the 574,006,000 pounds of carbon 
black produced in 1942 amounted to 
335,533,000,000 cubic feet, 8 percent less 
than was used in 1941. Carbon-black 
producers paid an average of 1.29 — 
a thousand cubic feet of gas in 194 
compared with 1.13 in 1941. | ; 

“An increase in the manuiacture ol 
furnace blacks, which have a relatively 
high yield, caused a further gain in the 
total yield from 1.54 pounds per om. 
sand cubic feet of gas in 1940 and 1.6 
pounds in 1941 to 1.71 pounds in 194 
Furnace blacks comprised 24 percent 0! 
the total production of carbon black in 
1942, 17 in 1941, 13 in 1940, and Im 
1939. ‘ 
“Publication of export figures has 
been suspended. Total sales in 1942, 
including exports, were 419,74, 
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IITERESTING INVENTIONS 


FOAM-REDUCER. Centrifuge rotors normally remove 
entrained air (and impurities) from liquids. But air is 
then remixed with the liquid as it discharges from the 
usual rotor. The ingenious liquid take-off shown below 
removes the purified liquid from the rotor almost 
foam free. Successfully used to centrifuge apple juice, 
floor wax, chemicals, etc. 

Useful on many other liquids where foam is trouble- 
some. 
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Stationary annular take-off C, the liquid 

will no longer revolve, thus converting 

kinetic energy to static pressure. The pres- FIGURE 2 
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out K under pressure and without access to air. 
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pounds compared with 644,744,000 
pounds in 1941 and 529,774,000 pounds 
in 1940. In spite of the slump in rub- 
ber manufacture, about 89 percent of 
domestic sales in 1942 went to the 
rubber trade. Toward the end of the 
year the demands from the synthetic- 
rubber industry were taking up some of 
the slack. Deliveries to ink companies 
gained slightly from the standpoint of 
percent of total sales at the expense 
of sales to paint companies. 

“The average value at the plants of 
carbon black in 1942 was 3.41 cents a 
pound compared with 3.26 cents in 1941. 
This is the highest average since 1937 
when the same rate was recorded. 

“California and New Mexico were 
added to the list of producing states 
during the year.” 


Army Needs More Than 


Million Barrels Daily 

An Army need for 1,000,000 barrels of 
oil daily during the remainder of this 
year, not including aviation gasoline or 
lubricating oil, and a higher demand in 
1944 was disclosed to the last meeting 
of PIWC by Lieutenant General Brehon 
Somervell, chief of the Army Service 
Forces. 

Those figures and other information 
given consideration in the Army supply 
bill for the approaching fiscal year, it is 
understood, were one of the reasons for 
the decision of Senator Thomas of 
Oklahoma, chairman of the subcommit- 
tee in charge of the measure, to call in- 
dustry representatives to testify regard- 
ing the possibility of filling the military 
requirements on the basis of present 
price ceilings. 

Somervell told the council that 50 
percent of all Army overseas tonnage 
is oil. 

The requirements of the military 
forces are determined by an Army and 
Navy joint petroleum board which re- 
ports direct to the joint chiefs of staffs. 


Potter Is President 
Of Mid-West Refineries 


E. W. Potter has been elected presi- 
dent and general manager of Mid-West 
Refineries, Grand Rapids, Michigan. 
His promotion from executive vice 
president followed the death of B. J. 
Skinner, founder of the company, who 
died in April. Potter has been with the 
company since 1940, Previously he was 
with Universal Oil Products Company, 
Chicago, and Cosden Petroleum Cor- 
poration, Big Spring, Texas. 

V. M. Skinner was elected vice presi- 
dent and sales manager. He has been 
associated with the company since 1934. 


Sohio Plant Wins 


Ohio Safety Award 

The No. 1 refinery of Standard Oil 
Company of Ohio has won permanent 
possession of the award of the Ohio 
Safety Commission within the refining 
industry of the state because of its rec- 
ord over the past years. The award 
went to the plant for having no lost 
time accidents for the highest total of 
man hours during six consecutive 
months. By winning three times the 
plaque came into permanent possession 
of the personnel of the plant. 

The plaque was given to C. H. Metz, 
Jr., plant superintendent, by Frank Klett 
of the Ohio Safety Commission. 
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Company Organized to Promote 
Sound Financing Mexican Enterprise 


Organization by leading Mexican and 
United States financiers and _ indus- 
trialists of Financiera Tecnica de Mex- 
ico, S. A. to promote sound financing of 
Mexican enterprise and to furnish tech- 
nical and managerial services in the 
organization and operation of Mexican 
business has been completed. The com- 
pany has been formed under a conces- 
sion granted under the General Law of 
Banking Institutions and Auxiliary Or- 
ganizations of Mexico, and has estab- 
lished offices at Venustiano Carranza 
53, Despacho 11, Mexico, D. F. 


Financiera Tecnica de Mexico, S. A., 
is interested in assisting the direction 
along sound lines of Mexico’s industrial 
development which has been greatly 
stimulated under the conditions of pros- 
perity created by the war. Its facilities 
and experience will be available both for 
the expansion of existing businesses and 
for the establishment of new enterprises 
for which the need exists in Mexico to- 
day, or which will contribute to building 
a position for that country in the or- 
ganization of post-war world trade com- 
mensurate with Mexico’s natural re- 
sources. 

While the concession under which the 
company will operate authorizes a role 
in finance comparable to that played by 
private bankers in the development of 
business in this country, chief emphasis, 
as contemplated by present plans, will 
be on providing technical and mana- 
gerial counsel and services, with the 
financing function incidental to and 
integrated with these services. 


Those interested in this new enterprise 
and serving as directors include Julio 
Lacaud and Carlos Trouyet, partners of 
J. Lacaud y Cia., investment bankers of 
Mexico City; Antonio Espinosa de los 
Monteros, director general of Nacional 
Financiera, S. A., Mexico City; and 
George H. Houston and Hendrik R. 
Jolles, partners of the firm of Houston 
& Jolles, consultants in the financing 
and management of industry, New 
York. Jolles is managing director of the 
company. 

Lacaud has long been prominently 
identified with Mexican industry and 
banking, being a member of the board 
of directors of many leading companies. 
Trouyet is president of the Mexico City 
Stock Exchange and is active in Mexi- 
can enterprise. 

Espinosa de los Monteros in his ca- 
pacity as director general of Nacional 
Financiera, S. A., has had much to do 
with the vitalization of Mexican finance 
and industry. He is a director of other 
important industrial and financial ¢om- 
panies. 

Houston, prior to the formation of 
Houston & Jolles, has been actively 
identified with industrial management 
for many years, having served from 
1929 to 1938 as president of The Bald- 
win Locomotive Works. Previously he 
reorganized and managed a large group 
of sugar properties in the West Indies 
and during the first World War, as a 
partner in the engineering firm of 
George W. Goethals & Company, was 
president of Wright Martin Aircraft 


Company and its successor, 
Aeronautical Corporation. 

Jolles has devoted much of his career 
to investment banking, most of his ex. 
perience having been in the international 
field. He retired as vice president and 
director of Harriman Ripley & Com. 
pany to establish his present association 
with Houston in 1940. 


Wright 


H. L. Farrar Elected 
Trustee of Gas Institute 


H. L. Farrar, president of Coast 
Counties Gas and Electric Company, 
San Francisco, was elected to the board 
of trustees of the Instiute of Gas Tech- 
nology at the June meeting. He is the 
only new member of the board and took 
the place left vacant by A. R. Bailey, of 
the same company, who is now in the 
armed forces. 

Trustees, whose terms expire in 1943, 
were up for reelection at the annual 
meeting and the following were re- 
turned to the board for three-year 
terms: W. Alton Jones, president of 
Cities Service Company; Alfred 0. 
Kauffman, retired president of Link Belt 
Company; Frank H. Lerch, Jr., presi- 
dent of Gas Companies, Inc.; Clifford E. 
Paige, president of Brooklyn Union Gas 
Company; Louis Ruthenberg, president 
of Servel, Inc., and Wilfred Sykes, 
president of Inland Steel Company. 


All officials of the institute were re- 
elected: Frank C. Smith, president of 
Houston Natural Gas _ Corporation, 
chairman; Henry T. Heald, president of 
Illinois Institute of Technology, presi- 
dent; Harold Vagtborg, director; Rob- 
ert B. Harper, vice president of Peoples 
Gas Light and Coke Company, secre- 
tary; Raymond J. Spaeth, treasurer of 
Illinois Institute of Technology, treas- 
urer. 


West Coast Styrene Unit 
Goes Into Production 


The first unit of the styrene plant 
of Dow Chemical Company in the Los 
Angeles. area has been put into produc- 
tion six weeks ahead. of schedule. Its 
output will form a part of the synthetic- 
rubber production of the area. Adjacent 
to the Dow plant is the butadinene plant 
of Shell Oil Company and rubber poly- 
merization plant of Goodyear Tire an 
Rubber Company. 

The plant and the process were de- 
scribed as follows in information te 
leased by Dow Chemical Company: 

“Dow’s experience in the field of sty- 
rene dates back to 1936 when this 
chemical product was produced on 4 
commercial scale at Dow’s main plant 
at Midland, Michigan. Incidentally, this 
new Los Angeles unit is the fourt 
plant, of this type, built by Dow. 

“In terms of easing our critical rub- 
ber requirements, this new Los An 
unit is producing sufficient styrene 
day to permit the manufacture of more 
than 14,000 passenger car tires. Wier 
the second unit is brought inio produc 
tion, which is scheduled for A ngush Ap 
total equivalent will be almost 














2 


Petroleum Refiner—V ol. 22, No.7 July, 








right 


areer 
iS ex- 
tional 
t and 
Com- 
iation 
























Wilson Trigger-Power Cleaner 
with Wilson Vibromatic Attachment 









The Wilson Trigger-Power Cleaner is an 
entirely new and revolutionary type of tube 
cleaner, especially designed to clean the 
small diameter (7/g” I.D. to 1%” I.D.) straight 
tubes of condensers, heat exchangers and 
similar apparatus quickly, thoroughly, safely 
and without damage. It removes either soft, 
gummy, or moderately hard deposits from 
small diameter straight tubes at speeds 
never before attainable, and renders obso- 
lete the old method of using ordinary tube 
cleaners operating at slow speeds and 
equipped with ordinary tube “drills”. Its 
use makes possible the rapid cleaning of 
tubes heretofore considered unprofitable 
to clean because of the time and trouble 
involved. In addition, tube bundles can 
often be cleaned without removal from 
the shell. 

For cleaning tubes which are partially or 
totally plugged with especially hard depos- 


INVEST IN AMERICA! 





HERE’S SOMETHING 
THAT’S REALLY NEW 
IN TUBE CLEANERS 


Wilson Trigger-Power Tube Cleaner 


BUY WAR BONDS AND STAMPS! 


( Patents Pending) 


its such as “‘petro-coke”’, hard silica scale, 
etc., the use of the Wilson Vibromatic At- 
tachment in conjunction with the Wilson 
Trigger-Power Cleaner makes the opera- 
tion remarkably easy and rapid. The At- 
tachment gives the special Wilson “‘Cutter- 
Bit’’ the combined movement of a rotary 
tube cleaner and a percussion hammer. It 
adds a series of rapid blows to the rotation 
of the “‘cutter-bit’’ and at the same time 
enables it to obtain a good “‘bite”’ on the 
deposit. This dual-action of the “cufter-bit”’ 
quickly breaks up and removes the hardest 
and heaviest deposits. The Wilson Vibro- 
matic Attachment is operated by the air or 
steam used as scavenging agent for clean- 
ing the tube of debris, and its use in no way 
reduces the power of the Trigger-Power 
Cleaner’s motor. 

Send for Bulletin No. 63 which fully de- 
scribes this remarkable tube cleaner. 





























"HOMAS C. WILSON, Inc. 


PIPE AND TUBE CLIEANERS EXCL UST VELY 


2 THE WILSON BUILDING 
2141 ie LONG ISLAND CITY, N.Y. 








passenger car tires per day or almost 
11 million per year. 

“An important point about this new 
plant is the utilization of a large num- 
ber of regulating instruments that en- 
able the plant to operate almost auto- 
matically and also maintain extremely 
close control on the quality of the fin- 
ished product. Many of these instru- 
ments are of special types designed by 
Dow instrument engineers in coopera- 
tion with well-known precision instru- 
ment manufacturers. 

“With the completion of this plant, 
together with Dow’s other producing 
facilities, this company has taken a 
leading role in the American production 
of styrene so essential to our synthetic 
rubber program. 


Second HF Alkylation 
Plant in Operation 


Second hydrofluoric acid alkylation 
plant of Phillips Petroleum Company 
has been put in operation as part of 
the 100-octane gasoline program of 
the company. The company now has 
nine refining units supplying finished 
aviation gasoline ingredients for its 
completion. 

Information from the company on the 
latest unit is as follows: 

“This new plant uses the recently de- 
veloped HF alkylation process and is 
the second plant to be completed that 
uses this improved process. The first 
HF alkylation plant was also built by 
Phillips Petroleum Company and was 
put into operation last year. The fact 


that the alkylate produced in these two 





plants will make several times as much 
100-octane aviation gasoline as was 
being used by the United States Air 
Forces immediately before World War 
II indicates the expansion that has 
been accomplished in the production of 
aviation gasoline. Many other compan- 


ies are constructing HF alkylation 
plants and will soon complete them, 
but the Phillips research department 


discovered the basic principle of the 
reaction involved, Phillips research 
cheinists developed this better process, 
Philips engineers designed the plant to 
use it, and this close association has 


enabled Phillips to finish their two 
plants in record time.” 
LPG Section Formed 
As Part of PAW 
A liquefied petroleum gas section 


within the division of natural gas and 
natural gasoline has been formed under 
the Petroleum Administration for War. 
The formation was in effect a transfer 
of personnel headed by Paul K. Thomp- 
son from the War Production Board, 
where the distribution and handling 
problems of liquefied petroleum gases 
came under direction of the plumbing 
and heating division. 

The section continues the functions 
for which it was responsible in WPB, 
principally the administration of lim- 
itation order L-86 which regulates the 
installation of liquefied petroleum gas 
equipment. 

Liquefied petroleum gases affected by 
the L-86 order are butane, propane and 
mixtures of these two hydrocarbons. 


_ All Materials and Workmanship according 
to ASME or API Requirements as specified. 





Laboratory to Study 


Butane Conversion 


A study directed toward finding gy 
process whereby butane can be Con. 
verted directly to butadiene will be the” 
first duty of a staff of technologists, ™ 
who will work in a new laboratory of) 
the Bartlesville Experiment Station of” 
the United States Bureau of Mines. Dp 4 
Hugh M. Huffman, recently on the staff” 
of the California Institute of Tech. ~ 
nology, has been selected to direct this 
research. 

Processes now available involve con- 
verting butane to butylene and then 
to butadiene, two steps of dehydrogena- 
tion. 

The general purpose of the labora- 
tory will be the determination of the 
thermodynamic properties of hydrocar- 
bons and their derivatives. 

Dr. Hoffman is an outstanding au- 
thority on physical chemistry. He was 
educated at Stanford University, where 
he earned his Ph.D. in 1928. He was 
a research associate of the American 
Petroleum Institute at Stanford from 
1927 to 1931, when he went to Cali- 
fornia Institute of Technology as as- 
sistant professor of biochemistry. 


Refining Committee of 
PIWC Is Increased 


The standing committee on refining 
of the Petroleum Industry War Council 
was one of those to get additional mem- 
bers as a result of action taken at the 
meeting June 2. Enlargement of five 
of the functional standing committees 
Was approved in order to amplify com- 





See REFINERY COMPOSITE CATALOG 
Pages 543 to 544. 


VULCAN STEEL TANK CORPORATION 


TULSA, OKLAHOMA 


PLANT: North Harvard & Frisco R.R. 


Telephone 5-2101 
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ark “Angles” Are Giving 
pEPENDABLE Service! 


Our figures indicate that since our intro- 
duction of CLARK 2-cycle “Bngles” in 


1936, this CLARK Compressor has been 


the outstanding leader in sales to the 


Refining Industry. 


Tctal sales of CLARK “Angles” to all 
industries are approaching the 900,000 
H. P. mark, with approximately one-sixth 
of that figure, or 150,000 H. P. to the 
Refining Industry. 


Leading refiners all over the world 
testify to the amazing dependability, in 
constant 24-hour service, of the 2-cycle 
Principle as exemplified in the CLARK 


“Angle”. 





Before buying compressors, call Clark 
engineers into consultation, There ig 
obligation. - 


CLARK BROS. CO., INC., OLEAN, N. Y,, USA. 


Export Office: 30 Rockefeller 

Domestic Sales Offices and eo 
Okla.; Houston, Texas; Chicago, Ill, (122 5. 
Michigan Ave.) ; Boston, Mass. (131 Clarendon 
St.) ; Huntington Park, Calif. (5715 Bicket St.) 
Foreign Offices: 72 Turnmill St., E. C. 1., Lon- 
don; Avda Roque Saenz Pena 832, Buenos Aires. 


AFFILIATED COMPANIES: 
Dresser Mfg. Co., Bradford, 
Pa.; Pacific Pump Works, 
Huntington Park, Calif.; 
Bryant Heater Co., Cleve- 
land, Ohio. 
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R-S DISTRIBUTOR 


As Near as Your 








There’s an 


Above: 15-lb Wafer Type (Narrow 
face-to-face construction). Below: 125- 
lb valve equipped with control cylin- 
der. Double end stuffing box eliminates 
end thrust. 


These R-S Distributors are valve 
specialists. They are experienced 
with the solution of problems 
encountered in the control and 
shut-off of air, gas, steam, liquids 
and semi-solids. Familiar as they 
are with the application of valves 
to high and low pressures, tem- 
peratures and volumes, they can 
frequently make suggestions that 
will simplify a valve installation 
and reduce costs. 

Naturally, these local repre- 
sentatives arethoroughly familiar 
with the R-S development of spe- 
cial metals for resistance against 
heat, abrasion and corrosion. 

Get acquainted. These valve ex- 
perts are good men to know well. 










Telephone 





SHEFFLER-GROSS CO. 
Drexel Bidg., Phila. Zone 6, Pa. Lombard 4900 
J. F. HALLOWELL 
Columbia Bidg., Pittsburgh, Pa. Court 5362 
R. W. CRANE 
37 Parkwood, Kenmore, N. Y. DElawr 8141 
GEO. VAN VECHTEN 
217 East Avenue, Rochester, N. Y. Stone 4164 
ASHMEAD-DANKS CO. 
Rockefeller Bidg., Cleveland, Ohio Main 6192 
POWER PLANT EFFICIENCY CO. 
Union Title Bidg., Indianapolis, Ind. Market 4617 
H. T. PORTER COMPANY 
1413 Union Central Bidg., Cincinnati, Ohio 
Main 1299 
W. P. NEVINS CO. 
53 W. Jackson Bivd., Chicago, Ill. Harrison 1473 
SPURGEON COMPANY 
5050 Joy Road, Detroit, Mich. Tyler 7-2750 
KRENZ & COMPANY 
5114 W. Center St., Milwaukee, Wisc. Hilltop 2983 
F. H. YOCUM-A. H. GOODE 
Graybar Bidg., New York, N. Y. Murray Hill 5-3370 





W. B. PARSONS CO. 
10 High St., Boston, Mass. HUBbrd 4119 
DOUGLAS FRAZIER 
1524 So. Gary Place, Tulsa, Okla. 6-0384 
POWER SPECIALTY CO. 
1042 Mellie Esperson Bidg., Houston, Texas 
Preston 5384 
BUSHNELL CONTROLS & EQUIPMENT CO. 
117 W. 9th St., Los Angeles, Calif. 
Vandike 1359 
BUSHNELL CONTROLS & EQUIPMENT CO. 
Mills Tower Bidg., 220 Bush St., San Francisco, Calif. 
Exbrook 1102 
JOHN H. CARTER CO. 
1013 Canal Bidg., New Orleans, La. Magnolia 1847 
M. N. MUSGRAVE & COMPANY 
2019 Third Ave., Seattle, Wash. 
Eliot 4425 
LYDON-COUSART COMPANY 
304 Builders Bidg., Charlotte, N. C. 
Phone 3-4481 
KONE ENGINEERING CO. | 
11 W. 25th St., Baltimore, Md. Belmont 0138 
RUSSELL PATTON 
3020 Olive St., St. Louis, Mo. Franklin 2836 
A. BURKS SUMMERS 
411 Colorado Bidg., 14th & “G” Sts. N. W. 
Washington, D. C. Republic 7231 
GEO. F. HASTINGS CO. 
1421 17th St., Denver, Colo. 
Main 4585 
GEO. R. MELLEMA 
4234 Grimes Ave., So. Minneapolis, Minn. 
Walnut 6984 





G. E. JOHNSON & ASSOCIATE 
Bona Allen Bidg., Atlanta, Ga. 
Walnut 4571 








15 to 900 psi 





VALVE DIVISION 


R-S PRODUCTS CORPORATION 


120 Berkley Street 


Philadelphia, Penna. 


BUTTERFLY VALVES 





mittee activities and to afford broader 
degree of representation. 

Those added to the committee on re- 
fining of which R. H. Colley, The At- 
lantic Refining Company, Philadelphia, 
is chairman, are: Harry A. Logan, 
United Refining Company, Warren, 
Pennsylvania; C. L. Henderson, Vickers 
Petroleum Company, Wichita; F. E. 
Holsten, vice president of Chalmette 
Refining Company, New Orleans, and 
C. A. Johnson, Socal Oil & Refining 
Company, Los Angeles. 


E. O. Bennett 


Petroleum Consultant 

E. O. Bennett, former chief petroleum 
engineer for Continental Oil Company, 
has opened an office as petroleum con- 
sultant at 324 Mellie Esperson Building, 
Houston. His resignation was an- 
nounced June 15. 

He had been with Continental Oil 
Company since 1926, having served as 
chief engineer, assistant manager of 
production and chief petroleum engi- 
neer, and has devoted much of his time 
to field operations along the Gulf Coast. 
He is recognized as an authority on oil 
production methods, particularly in pres- 
sure-maintenance operations in_high- 
pressure fields, and has been granted a 
number of patents for pipe-line, drilling 
and production equipment. Active in the 
industry’s association activities, he has 
contributed extensively to the literature. 
For his contributions to the natural- 
gasoline industry he was given the 
Hanlon Award in 1942 for distinguished 
service to that branch of the industry, 
and more recently was awarded the de- 
gree of doctor of engineering by Texas 
A. & M. College, “in recognition of his 
outstanding contribution to engineering 
science.” 


Source Information 
On Synthetic Rubbers 


United States Bureau of Mines has 
compiled a reference publication listing 
the various types of synthetic rubber, 
the manufacturers, materials required 
and methods of manufacture. It is 
“Synthetic Rubber,” Information Circu- 
lar No. 7242, available through United 
States Bureau of Mines, Department of 
the Interior, Washington, D. C. 

The circular was written by W. C. 
Holliman, assistant research chemist at 
the petroleum experiment station at 
Bartlesville. It is prefaced by a descrip- 
tion of the principal raw materials used 
in synthetic-rubber synthesis, butadiene, 
styrene, acrylonitrile, chloroprene, 1S0- 
prene, dimethlbutadiene, idobutylene, 
alkali polysulfides, organic dihalides and 
vinyl chlorides. 


No Price Limitations 
On Catalyst Materials 


Catalysts sold for use in the manu- 
facture of aviation gasoline were [fe 
moved from price control June 11 by 
OPA in line with its policy of exempt 
ing aviation gasoline and synthetic rub- 
ber, as well as a number of commodities 
used in their manufacture, from price 
restrictions. 

It was explained that this policy was 
based on a realization that production 
cost experience of the industry has been 


too recent and, because of vast exper 
mentation, factors are too varying to Dé 
ontrol 


sufficiently indicative for price 
studies. 
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pAW Not Favored as 
e Rationing Agency 
me Prospects for transfer of control of 
- oii rationing from OPA to PAW 
* dimmed last month, when President 
mn, Roosevelt made known his unalterable 
my opposition to dismemberment of the = 
E, price agency, proposed in Congressional i v- a =. 
te pleas for a food “czar” with over-all Se : hey NS - Wy ¢ i pet 
nd control. : 
ng The President’s firm stand was voiced | 
aimost on the heels of another re- | h=4 = % i; oa 
portedly stormy session of WPB aat | . m 7-4 asf 
which Ickes renewed his demand for 
control of oil against the vigorous op- 
position of other members of the board. 
- Ickes reportedly pulled no punches 
yy in saying what he thought of rationing 
= and price control as now practiced by 
1B OPA, elaborating upon criticisms he 
- had made earlier before members of 
Jil Congress _ inquiring into the Eastern DTS REPRESENT UUNKENHEIMER 01ST 
pe gasoline situation. 
= Mr. Roosevelt, although he devoted 
of himself to a discussion of the question 





gi- as it related to the food problem, made | ] 
ae it clear that he has no intention of | erevel ere S 
st. splitting up OPA and criticised loose | 


oil thinking which led to the idea that a 


h. “czar” was the answer for every ill. | | ° 
r He agreed that there have been de- | 
. lays in the handling of many matters | 





Pe as a result of divisions in authority, but 
_ said the new OWN was prepared to 












sas coordinate the work of the sepaarte | | 
a agencies and eliminate delays and asked | | 
that Director Byrnes be given a chance : ms 
od to apply the rule of judgment instead | The distributor is rendering an indispensable service | 
: of what he called the rule of happy | Sa A Pe | i ‘ 
re thought. these days. With his complete familiarity with require- . 
de- 
cas ments and sources of supply, he is helping hard-pressed 
his j ; | : d j 
a light Oils Handbook | procurement offices to obtain vitally needed equipment 
This new publication, “Gas Chemists’ | : i oes ae 
Fo gla oe a and supplies for the Army, Navy, Maritime Commission 
Book of Standards for Light Oils and | d su PP es for the Army, f ; , 
Light Oil Products,” represents an ef- | and Air Force...not to mention his services to the | 
lort to complete a work because of its : = . 
ite aesd in the. war efnet. i is thousand-and-one other industries engaged in war work. } 
1as the expansion of one section of the re- | : ! 
oo vision into a complete volume. It was | He’s alive to the needs of the times and his wide experi- i 
er, prepared by V. J. Altieri, Eastern Gas : : ’ \ 
red & Fuel Associates, Everett, Massachu- ence qualifies him as the logical force to ferret out those 
1S setts. The complete revision of the ’ e i 
ot Gas Chemists’ Handbook of the Amer- needs...he’s here, there and everywhere—any hour of 
ican Gas Association, is under the direc- the day or night. He knows that he justifies his existence 
( tion of E. L. Sweeney, Boston Con- . : z 
: solidated Gas Company. ! only in the measure that he renders service. 
OF To members of American Gas Asso- , 
at ciation the volume sells for $3.50, to ; ‘ es 
at non-members, the price is $5, from Long ago, Lunkenheimer recognized ‘the distributor as 
bet 9 mm Gas Association, 420 Lexing- the most efficient and economical means of marketing 
sec ton Avenue, New York. Scope and pur- : : : ; gists tes 
ne, ns of the revision has been explained its products and built up nation-wide distribution through 
sO- in the foreword as follows: : 7 oe 
ne “Today there is a demand for enorm- leading supply houses: We salute these distributors for 
an ous quantities of benzene, toluene, xyl- | the outstanding job they are doing in helping to speed 
enés, solvent naphthas and other light Se i 
oil products. Whether these materials up war production. 
are used for munitions, aviation motor- 
uel, plastics, synthetic rubber, interme- . 
diates or other products the question of | 
nu- quality is of great importance... ” | ; ESTABLISHED 1862 
re- ‘rom the preface: THE ) CO. 
¥ . te urpose of this book, therefore, LUNKENHEIMER 
ipt- nas ey , a+ = 7 - = 
“8 ee" to explain simply and accur | CINCINNATI, OHIO. U.S.A. 
<3 ately the details of current specifica- | sw vdic: ucaee 
_ lions, definitions, tests and facilities al- ‘ BOSTON _ PHILADELPHIA 
ee teady established in matters relating EXPORT DEPT, SP-ESE HEIRS OY, AE YE 
ae to light oil and light oil products. The | 
chee object has been to furnish informa- | 
tion tion that will help speed up produc- | 
een ton, avoid unnecessary changes in | 
“iis “quipment, reduce non-essential demand | 
a lor Strategic or critical materials, fa- | 
ai tilitate tiie formulation of new standards | 
i 


and thu~ aid the war effort.” 
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The abstracts here presented are selected from. the current literature of science and 
technology to afford reference to fundamental information not easily available to all readers. 
Abstracts of articles appearing in readily obtainable trade journals are not included. 

Photostat copies of original articles will be supplied at cost by the Leslie Laboratories. 
Complete or limited bibliographies covering special topics by title, by abstracts, or in com- 
plete manuscript, will also be prepared and furnished at reasonable cost by the Laboratories. 








Fundamental Physical 
And Chemical Data 


Thermodynamic Properties of Pro- 
pane, W. V. STeaRNs AND E. J. Georce, 
Ind. & Eng. Chem. 35 (1943) pp. 602-7. 


The use of propane as a refrigerant 
has increased greatly within the last 
few years, and thermodynamic data for 
this refrigerant have not been compiled 
for the whole region normally employed 
in regrigeration. The authors’ paper 
represents a close correlation of the 
published experimental data of a num- 
ber of investigators on certain phases 
of the thermodynamic properties of 
propane. A detailed table showing the 
temperature data for saturated propane 
from —80° F. to 200° F. is included. 
The properties covered are tempera- 
ture, pressure, volume of liquid and 
vapor, density of liquid and vapor, heat 
content of liquid and vapor, latent heat, 
and entropy of liquid and vapor. A sec- 
ond table presents properties of super- 
heated propane vapors from —70° F. 
to 200° F. and at several pressures from 
15 inches of mercury to 300 pounds ab- 
solute, Charts are presented showing 
absolute enthalpy for propane and the 
entropy temperature chart for propane. 


Some Physical Properties of Buta- 
diene and Styrene, L. A. Woop anp C. F. 
Hiccins, India Rubber World 107 (1943) 
pp. 475-6. 


Data for 1,3-butadiene and styrene 
are given for boiling point, freezing 
point, density of vapor, density of liquid 
from —20 to 60° C. for butadiene and 
0° to 145° C. for styrene, the thermal 
expansion of liquid for butadiene from 
—20° to 60° C., rate of change of 
density of styrene from 0° to 145°, 
vapor pressure of butadiene from —80° 
to 40° C. and of styrene from —8° C. 
to 145° C., rate of change of boiling 
point with pressure, heat of vaporiza- 
tion at normal boiling point, heat of 
fusion, heat of formation of vapor of 
butadiene at 25° C., heat of combustion 
of vapor of butadiene at 25° C. at 1 
atmosphere of pressure, specific heat at 
25°, refractive indices, rate of change 
of refractive index with temperature 
from 17° C. to 26° C., limits of flame 
propagation in mixtures of the sub- 
stances with air, and surface tension of 
styrene at 19° C. A bibliography of ref- 
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erences is included from which the data 
were derived. However, some of the 
data included are hitherto unpublished. 


The Thermodynamics and Molecular 
Structure of Benzene and Its Methyl 
Derivatives, K. S. Pitzer anp D. W. 
Scott, Jour. Am. Chem. Soc. 65 (1943) 
pp. 803-29. 


The heat capacity of solid liquid and 
gas in appropriate ranges from 15 to 
470° K., the heats of fusion and vapor- 
ization, the melting points and vapor 
pressures, the entropies of liquid and gas, 
the free energy function H°O—F°T/T, 
the heat content, and the heat capacity 
over the range 298-1500° K. were meas- 
ured or calculated for the substances: 
benzene, toluene, o-, m- and p-xylene. 
The freezing point diagram for the ter- 
nary system o-, m- and p-xylene was 
calculated and certain points experi- 
mentally verified. The direct isomeriza- 
tion reaction of the xylenes, catalyzed 
by aluminum bromide and hydrogen 
bromide, led to a direct measure of the 
equilibrium composition. Using the 
same catalyst, the equilibrium constant 
for the reaction 2 toluene = benzene 
+ xylene at equilibrium was found to 
be between 0-15 and 0-22 at 323° K. 
From these data the various thermo- 
dynamic constants for the isomerization 
and for the toluene, benzene, xylene 
reactions were calculated. The melting 
point, heats of fusion, heats of vapori- 
zation, vapor pressure, entropy, entropy 
of the gas for ortho, meta, and para- 
xylene are given. Various thermodynam- 
ic functions were calculated for mesity- 
lene from molecular structure data, the 
entropy of the gas at 298° K. being 92.34 
calories per degree. The entropies of 
pseudocumene (1,2,4-trimethylbenzene) 
and durene (1,2,4,5-tetramethylbenzene) 
were estimated to be 94.2 and 98.5 Calo- 
ries per degree, respectively, in the gase- 
ous state at 298° K. By consideration 
of the lines appearing in the in- 
fra-red and Raman spectra of liquid 
benzene in violation of the simple se- 
lection rules, it was possible to com- 
plete the assignment of fundamental vi- 
bration frequencies. Although a few 
values are not certain, all are reasonable 
from the point of view of the force 
constants of the benzene molecule. The 
spectra of the simpler deuterated ben- 
zenes were also considered. The funda- 
mental vibration frequencies were se- 


lected for toluene, the three xylenes, 
and mesitylene using Raman and infra- 
red spectra from the literature. Atten- 
tion is called to the striking behavior 
of the 1000 cm.-l line in benzene de- 
rivatives which are substituted in only 
1,3,5-positions. Corresponding effects are 
observed where the trigonal positions 
are all similarly substituted. It is sug- 
gested that the Raman spectra might 
be used to determine the position of 
substituents in favorable cases. Using 
these frequencies the vibrational en- 
tropy and heat capacity contributions 
can be calculated and the corresponding 
quantities for internal rotation of the 
methyl groups obtained. The results in- 
dicate relatively free rotation of methyl 
groups in toluene, m- and p-xylene, but 
only about a 2000 calorie potential bar- 
rier for o-xylene. These results are 
shown to be reasonable in terms of 
steric effects, The xylene equilibrium 
data show the meta compound to have 
lowest energy and suggest that meta 
orientation of identical or similar groups 
may be generally the most stable. 


The Pressure - Volume - Temperature 
Relations of 2,2,4-Trimethylpentane, W. 
A. Fecstnc AND G. M. Watson, Jour. Am. 
Chem. Soc. 65 (1943) pp. 780-1. 


This is a continuation of the work in 
the chemical laboratory of the Univer- 
sity of Texas on the physical properties 
of pure hydrocarbons. The compresst- 
bility of pure liquid isooctane, 2,2, 
trimethylpentane, has been determin 
at 25° intervals from 100° to 250° at 
pressures ranging from the vapor preés- 
sures to 300 amospheres. The com- 
pressibility was determined at one tem- 
perature, 275° C., above the critica 
point. Compressibility measurements 
were made by means of a dead-weight 
piston gage and accessories that have 
been described elsewhere. The data are 
presented in tabular and graphical 
form, the specific volume being related 
to the pressure at different tempera 
tures, 


Composition of Vapors from Boiling 
Binary Solutions, D. F. Orumer, /nd. & 
Eng. Chem. 35 (1943) pp. 614-20 

The composition of vapors resulting 
from boiling solutions of binar: liquids 
or, as usually expressed, vapor-liqu! 
equilibrium data, can be readily and 
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accurately determined by a method pre. 
sented in an earlier article by the ay. 
thor. The method has been standardized 
and used in laboratories throughout the 
world, under pressure conditions rang. 
ing from high vacua to several hundred 
pounds per square inch and in appara. 
tus modified to suit various require. 
ments. Detailed dimension drawings are 
presented of a simple unit for the pur. J 
pose which may be constructed by any 
glass blower, since slight deviations 
have sometimes resulted in difficulties 
and inaccuracies in operation. The yari.- 
ous factors are discussed with relation 
to the technique of utilization, and the 
vapor-liquid data of twenty-six different 
binary systems are reported. 
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PALMER 
Kod - Reading “ Mercury ” 


THERMOMETERS 


Palmer “Red-Reading-Mercury” Thermometers are built for battleship 
service . . . selected by Uncle Sam for our sea armada. You get 
this same battleship construction when you buy strong, sturdy, de- 
pendably accurate Palmer “Red-Reading-Mercury” Thermometers for 
your plant. The brilliant “Red-Reading-Mercury” column avoids mis- 
takes and helps you maintain top quality in all your processing 
operations. Scientific annealing assures life-long accuracy. Take a 
tip from Uncle Sam ard order Palmer “Red-Reading-Mercury” 
Thermometers. Write for Catalog No. 300-D. 


| Determination of High Pressure Va. 
| por-Liquid Equilibria. The Vapor. 
| Liquid Equilibrium of Benzene-Toluene, 
| J. Grtswotp, D. AnprEs, AND V. A. Kier, 
Trans. Am. Inst. Chem. Engrs. 39 (1943) 
pp. 223-40. 


The development and construction of 
a simple, rugged, and dependable ap- 
paratus for determining vapor-liquid 
equilibria is described. The apparatus 
is constructed entirely of metal and 
can be used for any non-corrosive sys- 
tem up to its critical pressure and tem- 
perature. Difficulties inherent in a 
method and apparatus for determining Th 
| equilibria under pressure are reviewed. f 
Construction of the apparatus is given 
in some detail, and the operating pro- 
cedure is outlined. Using the apparatus, 
the authors took data on the system Cont 
benzene-toluene, which was chosen be- f oo 
cause pure materials were readily ob- ad 
tainable and the behavior of the system ane 
is that of a normal binary hydrocarbon 
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solution. Equilibrium diagrams are Bs 
. given for pressures up to 500 pounds dine 


RT Ct cs cicat compositions f= 


For All Purposes And Reactions level 


Petroleum Acids. V. Aliphatic Acids 
from California Petroleum, W. A. Qu: 
BEDEAUX, G. Wash, W. O. Ney, W. W. 
Croucu, AND H. L. Locute, Jour. Am 
Chem. Soc. 65 (1943) pp. 767-70. 


By careful and extensive fractions 
tion of California petroleum acids and 
their esters a series of 720 fractions 0 
esters was obtained. Curves of ester 
fraction number plotted against boiling 
point and against index of refraction art 
presented. By studying various series 
of ester fractiqgns with low index 0 
refraction and with essentially constatl 
boiling point the following aliphatic 
acids were isolated and identified: 2 
and 3-methylpentanoic and n-hexanotc 


e 
acids; 2-, 3-, 4-, and 5-methylhexanot se 
; . f and n-heptanoic acids, and n-octanol a 
Sreelcrete ee. ae . and n-nonanoic acids. No evidence for Do: 
| ws == the presence of 2,2-dimethylpropano ste 
. . - 1 e oth 
or 2-methylbutanoic acid cow nang 
found, tu 


Petroleum Acids. VI. Nag 
THE CONSOLIDATED ee 

9 mp > x t . Chem, 39% 
EXPANDED METAL CO’S 5: Siena: ace Bey 1 { 


WHEELING, WEST VIRGINIA Through the use of a number of fie a 
4 * 8 o5° ’ ° tionation procedures in a contimudl® 
Offices in Principal Cities « It’s Wheeling Steel! of the study of acids from Califor L 


petroleum, the following naphtne 4 
acids have been isolated and identie 
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init I There's a | MAGNETROL | Answer 
yr 
anes, @ When we say “there’s a MAGNETROL Liquid Level 
an Control for any temperature, any pressure, any liquid, any dif- 


ferential,’’ we mean just that. As specialists in liquid level con- 









y ob- trol devices, our engineers are constantly running inte unusual 
y _ and difficult sets of conditions. 
" kee Their success in designing units to handle any job is written 
ounds in the hundreds of custom-built MAGNETROLS now in use 
throughout industry. In every case, the basic MAGNETROL 
magnetic method of operation (eliminating all mechanical link- 
age between float and switch) has been a key factor in develop- 
ing controls for ‘‘hard to handle’’ jobs. Whatever your liquid 
level control problem 
Acids Write for Information to 
a MAGNETROL, INC. 
A Division of Fred H. Schaub Engineering Co., Inc. 
ctiona- 
Is and 
ons 0! 
ester 
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ion are 
series 
lex ol 
ynstant 
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ed: 2 
xanoic 
xanoic Model DOW-300-2 Model 750-EP Model H-5000 
stanoic MAGNETROL de- Acompletelywelded MAGNETROL de- 
we for can for Bee on MAGNETROL for all signed for extremely 
¥ erm oilers, Teer Greece ys high pressure non- 
panoic steam and certain ™ 995 Piping shock service for 
‘id be other high pressure © 4PPlications in hydraulics, carbon 


hazardous locations. 
Max. Press. 750 lbs. 
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dioxide, ethane, pro- 
ture applications. 
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A reproduction 
from an actual 
unretouched 


color photo- 


graph which il- 
lustrates the 
appearance of 
the gauge glass 
from directly 
in front. 
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bauge Glass 





“That reminds me of the two Scotchmen 
...” Many a time we’ve heard those words, 
and Scotch thrift is the subject of count- 
less jokes. Yet the dictionary says that 
thrift is “wisdom and care in the manage- 
ment of one’s resources.” Thrift, in other 
words, is just plain common sense. The 
real joke is on the people who don’t de- 
mand their money’s worth. 

When it comes to gauge glasses, the 
thriftiest glass you can buy is the one that 
lasts longest. And the gauge glass that 
lasts longest is the one which best resists 
corrosion and has the greatest ability to 
withstand pressures, extreme temperature 
changes, and mechanical shocks—the one 
which avoids installation strains because 
of its machine drawn accuracy. 

There—in a nutshell—is a description 
of Pyrex brand Gauge Glasses. They’re 
made of a special resistant glass, similar 
to that in which housewives bake, and store 
food in the refrigerator; similar to that 
used for laboratory glassware and piping 
in chemical plants because it resists all 
acids except hydrofluoric. 

You don’t have to be Scotch to be 
thrifty. And it’s no trouble to use “wisdom 
and care” in buying the world’s most eco- 
nomical gauge glasses. Simply tell your 
jobber to send Pyrex Gauge Glasses— 
P-Y-R-E-X! 


“PYREX” is a registered trade-mark and indicates manufacture 
orning Glass Works, Corning, N.Y. wh 
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Here s POWER 


to Clean Tubes 


FASTER 


A single operator can now clean tubes 
by himself by using a Roto Tube 
Cleaner equipped with an air valve. 
This not only releases a helper for 
other work around the plant, but actu- 
ally enables the operator to clean 
tubes more efficiently. By controlling 
the entire operation of the cleaner, 





















the operator doesn’t have to waste 
time signalling a remote helper to 
turn air off and on between every tube 
cleaned. This exclusive Roto time- and 
labor-saving feature, plus the well- 
known power and cleaning efficiency 
of Roto Tube Cleaners, help solve 
many pressing problems during the 
present emergency. Write us today. 


The ROTO Company 


145 Sussex Ave., Newark, N. J. 


PS nll Cet 
—— =) 
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for the first time from petroleum: 
2-methylcyclopentanecarboxyli¢ 
3 - methylcyclopentanecarboxylic, 23 
dimethylcyclopentaneacetic, cyclohex. 
anecarboxylic, and_ cis-2,2,6-trimethyl. ' 
cyclohexanecarboxylic acids. The fol. # 
lowing acids previously reported by 
Nenitzescu from European petroleym 
were isolated also from California acids: 
cyclopentanecarboxylic, cyclopentane. 
acetic and 3-methylcyclopentaneacetic 
me The —— By isolation and 
procedure used in the work are de. Rs 
ae 





scribed in some detail, as well as the 
methods of identification. The proper. 
ties of each of the compounds are 
given, 


Manufacture: 

Processes and Plant 
Liquid-Liquid Extraction, O. Berne. 

LIN, F. J. Lockwart, AND G. G. Brown, 

Trans. Am. Inst. Chem. Engrs. 39 (1943) 

173-200. 


The increasing importance of extrac- 
tion as a means of separating liquid 
components has increased the need for 
reliable design data, not only with re- 
spect to the particular extraction unit 
but also with regard to the physical 
properties of the liquids used. After a 
preliminary study of several ternary 
liquid systems, the authors chose the 
system tetrachlorethyleneisopropyl al- 
cohol-water for study. Physical prop- 
erties of the substances and their solt- cs 
tions were determined, as well as the ix 
equilibrium. relationships of the system ie 
at 77° F. The extractor used was a He 
horizontal tube operated with counter- 
current flow of the fluid, and for trans- 
fer of isopropyl alcohol from a tetra- 
chlorethylene phase across a known in- 
terfacial area to a water phase, The 
mass velocity of each phase was inde- 
pendently varied over a wide range and 
the mass transfer rates were deter- 
mined. The two phases were forced 
through the extractor under pressure, 
being kept in separate layers by their 
density difference. The effect of the) 
velocities of the phases upon flow com 
ditions within the phases was show! 
by photographs, It is impossible to este 
mate the turbulent characteristics 0 
flow by any orthodox use of the Rey 
nolds number when two fluid phases 
are present in an apparatus since the 
velocity distribution in one phase 
determined by the flow properties 0 
both phases. The unusual variations 
the transfer coefficient may be a 
counted for by the change in the veloc- 
ity distribution within each phase. Wher 
the mass velocities of the phases ar 
equal in magnitude, the interfacial ve 
locity approaches zero, which creates 4 
stagnant film in each phase and aids 
in the accumulation of foreign mater 
als at the interface. At mass velocitits 
of equal magnitude the transfer coef 
cient passes through a minimum poll 
in the curves of K versus water-phast Plane fue 
velocity and through an inflection PO!" Bay, tha 
in the ‘curves of K_ versus_ tet ns com | 
chlorethylene-phase velocity. Withi 2s 
certain regions of velocity of one phast ¢ thous, 
it was found that the mass-transfer ¢™ ' 
efficients can increase with increasité 
velocity of. the other phase, while with Bt gasolin 
in other regions of velocity of o™ upplyin 
phase the coefficients decrease of ® Ustie So 
through a maximum or minimum WUg,” 90 
increasing velocity of the other phastg* vital 
The effects of phase velocity as § *. ‘Mical js 
in the horizontal tube extractor ome 
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OW CAUSTIC SODA | 
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Getting there first with the most 


t transport is dependent upon the high 
lane fuel which is being produced faster, 
May, than some of the lower octane gaso- 
¢scommon to American motorists. 


¢ thousand four-motored planes in flight 
ld requir: about 1,250,000 gallons of high 
(gasoline for a three-hour operation. Dow 
‘upplying refiners with huge quantities of 
lustic Soda to assist in the production of 
Is Vital fuel. This important industrial 
tical is ised as a reagent to remove sul- 


HE DOW CHEMICAL COMPANY, MIDLAND, 


York City Chicago . St. Louis ° 


Houston 


phur from petroleum products, as a refining 
and sweetening agent for gasoline. 


Refining is only one branch of industry that 
finds Dow Caustic Soda indispensable. Pro- 
ducers of rubber, textiles, soap, plastics and 
more than half a hundred other industries 
depend on Dow for their supply of this essen- 
tial industrial chemical. Recent additions to 
facilities for production make Dow Caustic 
Soda readily available to industry in all parts 
of the United States. 
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“John Zink 
again provides 
ANOTHER SERVICE 
for the Industry” 


GREY IRON CASTINGS 


We now operate a com- 
plete pattern shop and a 
foundry specializing in 
Light Weight Complicated 
Castings. 


John Zink manufactures more than FIFTY TYPES of 
gas burners, oil burners and combination burners for 
domestic boilers, heating boilers, industrial boilers 
and power boilers. The designs are protected by 
TWENTY United States Letters of Patent. 


SPECIAL BURNERS DESIGNED AND MADE TO ORDER 


JOHN ZINK COMPANY 


TULSA, OKLAHOMA 





NEW YORK .. . LOS ANGELES .. . DETROIT . . . SAN FRANCISCO 
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possible explanation of the appa: ently 


contradictory data found in the litera. © 


ture. 


Measurement and Control of Process 
Variables, Chem. and Met. Report, Chem, 
and Met. Engr. 50 (1943) pp. 97-144. 


Tremendous progress has been made 
in the design of instruments for the 
measurement and control of process 
variables. The report is an attempt to 
clarify automatic control theories for 
the user rather than for the engineer 
of the instrument manufacturer, to re- 
view as many as possible of the process 
variables ordinarily encountered and to 
show the principal means for meas- 
uring and controlling each one, and to 
consider the relation of control to proc- 
ess design. The symposium includes ar- 
ticles on the fundamental principles of 
automatic control on instruments for 
measurement and control, a glossary of 
instrumentation terms, a consideration 
of the next decade in industrial instru- 
ments, a study of control in plant de- 
sign, a discussion of control valve char- 
acteristics, a comparison of pneumatic 
and electric control, and a discussion 
of the progress in instrument applica- 
tion. 


Cost of Pressure Vessels and Pressure 
Fractionating Columns, F. C. Fow er 
AND G. G. Brown, Trans. Am. Inst. Chem, 
Engrs. 39 (1943) pp. 231-54. 


The authors give data for estimating 
the cost of pressure vessels and plate 
fractionating columns. The cost of the 
column is broken down into vessel 
shell, bubble trays, platform, ladders, 
and handrails, insulation, and freight. 
Charts are given for estimating the cost 
of handholes, manholes, nozzles, cou- 
plings and tray supports. A procedure 
is given for estimating the cost of in- 
sulation. 


Wartime Chemicals from Natural Gas, 
G. Ectorr, Jour. Inst. Petr. 29 (1943) pp. 
124-34. 


Natural gas is consumed at the rate 
of over 2.6 trillion cubic feet per year. 
The U.S.A. has proved reserves of 85 
trillion cubic feet and another 85 tril- 


| lion cubic feet as potential reserves. 


The yearly consumption of natural gas 
is equivalent in fuel value to 100,000,000 
tons of coal or over 500,000,000 barrels 
of fuel oil. Propane can be used to 
break in airplane engines, and has wide 
commercial application as a refrigerant 
and solvent. Isobutane is the key hy- 
drocarbon in the production of avia- 
tion gasoline by alkylation. Normal 
butane is isomerized to isobutane. Iso- 
pentane is used in aviation gasoline 
because of its 9l-octane rating. Pro- 
pane-butane fractions from natural gas, 
when subjected to high-temperature 
cracking, produce ethylene, propylene, 
butylenes, and butadiene. Normal bu- 
tane is converted into butadiene in ore 
or two stages by catalytic means at 
high temperature. The polymerization © 
process of making aviation gasoline 
blending stock has been largely replaced 
by the alkylation process, in which 180 
butane is alkylated by butylenes in the 
presence of sulphuric or hydrofluoric 
acid catalysts. The resulting alkylate 
ranges in octane value from 91 to 
Ethylene can be alkvlated with isobt- 
tane to give neohexane having an 0 
tane ratins of 94. An important aviation ~ 
blending fuel of a different type is 
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IX COMPANIES, OPERATING 17 HOUDRY PR UW KS RY AY j 


NITS, HAVE BEEN THE MAINSTAY OF AMER- 
‘- Kka’S CATALYTIC AVIATION GAS PROGRAM 
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— eroster of refiners licensed by Houdry is a roll of honor came, all existing Houdry units had been adapted, or 
{America’s petroleum industry. Six companies, with 17 were readily adaptable, to meet the immediate and 

sure fpoudry units in operation, have produced more than mounting needs for high-octane aviation gas. On forty 

ter (0% of all the catalytically cracked aviation gasoline fronts, the world’s finest fighting fuel has been available 

iem, (gorthe United Nations. to help wrest air supremacy from the Axis. 


They and ten other companies (listed at the right) are 


‘ing fhuilding 37 additional T.C.C. and Houdry units. History Will Remember 


















= When this war’s history is written, the world may well 
ssel Foreseeing the Needs of War salute petroleum’s part in Victory. And no names will be 
Ss . rs . . 
cht. (pl seventeen of the Houdry units now operating were more highly placed on the industry’s roll of honor than 
ost Built or contracted for long before Pearl Harbor. Most of these distinguished Houdry licensees: 
cre (tm were producing high-quality motor gasoline. Ashland Oil & Refining Company Sinclair Refining Company 
ure x 2 Continental Oil Company Socony-Vacuum Oil Company, Inc, 
In- The companies operating these Houdry units were Crown Central Petroleum Corp. Southport Petroleum Co. 
eenly aware of the convertibility of their equipment ba a rae Corp. of pease = pe rags : 
78, fr the manufacture of aviation fuel. Working in coopera- Gulf Oil Corporation Sun Oil Company 
PP. fon with Houdry scientists, they made plans accordingly. re te tonne Srey Tide Watee Associated Oil : 
ate hey hoped against but prepared for America’s ulti- Richfield Oil Corp. Union Oil Co. of California a 6 
~ hate involvement in the world conflict. They foresaw the Houdry Catalytic Processes and the Thermofor Cata- 
iy . nie . . e . . . { 
ri. (pctedibly huge quantities of 100-octane aviation fuel lytic Cracking Process are available to all American 
ves. hich might be needed. refiners, under license arrangements subject to approval | 
000 Their foresight has served America well. When war by the United States Government. 
rels 
to 
ie HOUDRY PROCESS CORPORATION, WILMINGTON, DELAWARE 
hy- Licensing Agents: 
a E. B. BADGER & SONS CO. : THE LUMMUS COMPANY 
[so- < Boston, Massachusetts New York City, New York 
~ MAGNOLIA BECHTEL- McCONE-PARSONS CORP. 
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BUCKET DESIGN 
(Swinging vane principle) 
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Blackmer rotary pumps have many advantages 


in refinery service: 


For handling viscosities varying from butane to 
asphalt, at temperatures up to 600° F. and pressures 


to 300 psi. 


The capacity is constant during the life of the 


buckets (swinging vanes). 


When finally worn out the buckets (4) are re- 
placed in 20 minutes and the pump restored to 
normal capacity. Piping and drive are not disturbed. 


Blackmer Pumps have served the petroleum 


industry for more than 40 years. 


POWER PUMPS 
Capacities 5 to 750 GPM—Pressures 
to psi. 

Furnished with removable liners, un- 


lined or steam-jacketed. All standard 
drives. 


HAND PUMPS 


7 to 25 GPM 
54 different models. 


BLACKMER NATION-WIDE 


ENGINEERING SERVICE 


Our men are at your call for consultation on any problem involving pumps. 


BULLETINS FREE TO REFINERY MEN 


Check the items wanted, sign and mail coupon NOW. 


TO: Blackmer Pump Co., 2097 Century Ave., Grand Rapids 9, Mich. 


Send the bulletins checked: 


] No. 301—Facts about Rotary Pumps 
(_] No. 302—Pump Engineering Data 
(_] No. 130—28-page Blackmer General Catalog 


Signed 








Company 


Address 














propylene and benzene in the prese 
of solid phosphoric acid. Synthetic 
bers are reviewed briefly by the author. 
The production of acetylene from nat. 
ural gas is considered. The production 


mene, produced by the ‘Oe 


of carbon black from natural gag js 
reviewed. In 1940 369 billion cubic feet 
of natural gas were converted, yieldiy 

285,000 tons of carbon black. Naty 

gas is an important source of high e&- 
plosives. Hydrogen from it is combined 
with nitrogen to make ammonia. Naty. 
ral gases contain hydrogen sulphide. 
Several commercial units are prodaie 
sulphuric acid from hydrogen sulphide 
or elemental sulphur produced from 
natural gas. Nitroparaffins from natural 
gas may well develop into one of the 
newest and most valuable of high ex- 
plosives. Anaesthetics can be made from 
natural gas. Cyclopropane, produced 
from propane or propylene, is one of 
the most valuable. Olefins from natural 
gas are used as fruit ripening agents 
and for inducing accelerated plant- 
growth. Ethylene and propylene stimu- 
late potato growth. The German Bo- 
tanical Society reports that up to a 100 
percent increase in the yield of potatoes 
can be obtained when the seeds are 
treated with ethylene gas. Russian re- 
searchers on butylene gas show a stim- 
ulating effect on the maturing time of 
such trees as walnut, peach, apple, 
cherry, plum, apricot, and pear. The 
trees are surrounded by tents and buty- 
lene is passed into the tent in about 1 
part per 100,000 parts of air. The treat- 
ment period is 1 to 2 hours, Natural- 
gas hydrocarbons are used as basic 
materials for the synthesis of plastics 
after forming olefins. A chart is given 
showing the compounds and _plasties 
derived from ethylene, propylene and 
butylene. 

Oil—An Additional Basic Material for 
the British Plastics Industry, G. Tue 
ENDHAT, Jour. Inst. Petr. 29 (1943) pp. 
89-97. 

The author reviews the petroleum in- 
dustry as a source of raw materials for 
the plastics industry. Before the war 
the total production in Great Britain, 
U. S. A., and Germany was estimated 
at not exceeding 200,000 tons of plastics 
per annum, of which England and the 
U. S. A. produced 135,000 tons. Much 
larger quantities of plastics will have 
to be produced, and therefore larger 
quantities of raw material will be com 
sumed. Phenol, styrene, acetone, alco 
hols, and many other substances are 
being produced from petroleum in rap 
idly increasing quantities. Other new 
raw materials are offered by the petf& 
leum industry, and new chemical pro@ 
ucts and plastics will be developed from 
them. 


Products: Properties 
And Utilization 

Piston-Ring Scuffing as a Criterion of 
Oil Performance, G. H. Kewier, SAEZ 
Journal 51 (1943) p. 125. 


Aircraft-engine lubricating oils were 
tested in a single-cylinder air-cooled ait 
craft engine. Power, speed, a 
ture, temperature, oil supply, det 
tion, and cylinder, piston, and ring de- 
sign were under control, and al! except 
cooling conditions and oil supply wet 
held constant. Conditions of greatet 
severity were imposed by decreasing the 
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‘“One-sixteenth of an inch doesn’t seem like much, 
johehap ars 7 Ko} ak Come-batl =p ale pbot-1-) abate MN al->4-Mr-Latelolehdahya-t-1i 
our engineers are fussy. So, just to save a lot of 
arguing, we do our best to make ‘em right the first 
time. And that makes it easier for the customer, too, 
for when the nameplate says, ‘Built by Southwest’, 


he can be sure it’s built to specifications.” 


& 


Fabricators of Steel to ASME and API-ASME Code Requirements 


South west Welding & Manufacturing Co. 


ALHAMBRA, CALIFORNIA . 





IWy, 19434 Gulf Publishing Company Publication 




















Amsco Alloy Proved a “Natural” for 
Tube Supports in Petroleum Stills 


The corrosion and high tempera- 
tures encountered in petroleum 
stills rapidly deteriorate tube 
supports and other ordinary steel 
or iron castings. The life of tube 
supports was a subject of much 
importance in the early years of 
cracking stills. This condition 
created a natural field of appli- 
cation for Amsco Alloy, which 
was developed expressly to with- 
stand high temperatures and cor- 
rosion for the longest possible 
periods. 


Well known to refinery operators 
is Amsco Alloy F-10, a grade 
containing 26-28% chromium 
and 10-13% nickel. This alloy 
has proved ideal for tube sup- 
ports, having substantial load- 
carrying strength at temperatures 
up to 2000° F., combined with 
high resistance to sulphur cor- 
rosion. Tube supports and other 
oil still castings of the F-10 grade 
have not only earned their price 
in length of service; they have 


A-387 Amsco design of tube supports. 
A-245—Wall tube brackets and inter- 
mediate supports. A-386—Tube hangers 
in radiant section. (S.O. Ind. patent) 


shown the greatest ultimate 
economy. 


Hundreds of tons of Amsco Alloy 
tube supports, in a number of de- 
signs, are at work in refineries in 
all the major fields. Other re- 
finery applications include tube 
sheets, hangers, liners, guide 
hooks, damper doors, burner 
nozzles and bars. 


The use of Amsco Alloy not only 
prevents interruptions in the 
highly essential flow of petro- 
leum products, it also conserves 
metals in a most practical way. 


Bulletin No. 108, sent on request, 
contains complete information on 


Amsco Alloy. 








AMERICAN MANGANESE STEEL DIVISION 


Chicago Heights, IIlinols 


FOUNDRIES AT CHICAGO HEIGHTS, RL; NEW CASTLE, DEL; DENVER, COLO.; OAKLAND, CALIF; LOS ANGELES, CALIF.; ST. LOUIS, MO. @ 
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cooling and the supply of oil to tiie pis- 
ton and cylinder wall. The engine was 
run for 5 hours at cruising power for 
each oil test. Good oils completed the 
periods with small oil consumption. The 
oil consumption for the poorer oils was 
so high that the test had to be term). 
nated before the end of the 5 hour pe. 
riod, After each test the rings and piston 
were examined and the oil rated in ac. 
cordance with ring scuffing and general 
wear and consumption of oil. Compari- 
son was made between laboratory 
analyses of the new and the used oils, 
but no trend of change was found that 
permitted rating the oils in the same 
order as they were rated by the appear- 
ance of the rings and piston in the test. 


Catalysis in the Oxidation of Lubri- 
cating Oil, R. G. Larsen Anp F. A. Apn- 
FIELD, Ind. & Eng. Chem 35 (1943) pp. 
581-8. 


The most important environmental 
factors affecting the oxidation stability 
of an oil in an engine are temperature 
and catalysis. The effect of temperature 
on oxidation stability is fairly well un- 
derstood, Methods of testing oxidation 
stability are briefly reviewed, including 
those in which a study of catalysis has 
been made. The catalytic effect of iron, 
copper and lead in the bulk and dis- 
solved form on three oils broadly repre- 
sentative of those obtainable from Penn- 
sylvania, Mid-Continent, and California 
crudes was studied in detail. It is con- 
cluded that the variations in catalytic 
susceptibilities of the oils, as well as the 
variations of catalytic activities of the 
metals with concentration, are so great 
that no specific catalyst can be used in 
laboratory oxidation tests unless cor- 
respondence with engines is first well 
established. In addition, the catalytic 
effect of engines on oils was _ investi- 
gated. It was found that the oil in- 
solubles (called “crankcase catalysts”) 
tliat accumulate in engine lubricants are 
extremely active catalysts. This cata- 
lytic activity resides in the metallic 
components, particularly the halides of 
iron. The data secured in the work are 
presented in considerable detail in tabu- 
lar and graphical form. All of the oils 
were found to be quite susceptible to 
catalysis by very low concentrations 0! 
soluble copper and iron. At low concen- 
trations (below 5 p. p. m.) copper 3 
more active than iron; above this con- 
centration iron is the more active. The 
naphthenate salts' generally show 3 
maximum in catalytic activity that 's 
particularly pronounced in the case 0! 
lead and copper. 


Oxidation - Corrosion of Lubricating 
Oils, C. L. Pore anp D. A. Halt, 
A.S.T.M Bulletin No. 121 (1943) pp. 25-8 


An accelerated oxidation-corrosiom 


tester for lubricating oils is described. 
It can be used to predict the useful lite 
of an oil as a means of studying blends 
of new and used oil, as a means for de- 
termining the corrosion of ferrous ™# 
terials in the presence of moisture, am 
to determine the point in the useful lite 
of an oil at which corrosion product 
are first formed. The results obtaine 
by use of ‘the test unit correlate We 
with the service life of oil. 250 ¢-. ol 


oil, together with a test strip of he | 
terials used in the particular mac a 
constructed, are placed in tice 
closed 400 cc. beaker. Heat is appit’ 
by means of the constant-teimperatur 
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No! 


How about your crude? 


If you are a refiner still making peacetime 
products the following statement is no news to 
you: 


Generally firm tone continuing in petroleum markets reflects 
the fact that many refiners are in difficulties over the ques- 
tion of adequate crude supplies 


That is from Keith Fanshier’s oil page in the 
Chicago Journal of Commerce, April 30, 1943 


Further down in his column Mr Fanshier 
writes: 


No question about it; high octane aviation gasoline [100- 
octane] is needed in staggering quantities and ever greater ones 


Refineries that can make 100-octane gasoline, 
any component of it or any other war product 
must have adequate crude supplies—and they do 


It’s wise and patriotic for every refiner to 
get into war production 


Helping to convert refineries to war produc- 
tion is our job 


Call on U.O.P. 


OIL IS AMMUNITION—USE IT WISELY CARE FOR YOUR CAR FOR YOUR COUNTRY 


Universal Oil Products Co 
Chicago 4, Illinois 


Dubbs Cracking Process 


Owner and Licensor 





THE REFINERS INSTITUTE OF PETROLEUM TECHNOLOGY 








oil bath, the oil is agitated and treated 
with moisture and oxygen. In testing 
“The life and soul of science is its practical application.” turbine oils the test strip was madeagg 
é steel wound with a few turns of copper 
— Lord Kelvin wire. In testing diesel oils cadmium 
and lead-copper assemblies were used. 
The reaction temperature used was 109° 
C. Oxygen saturated with water vapor 
was used at the rate of 3 liters per hour. 
The volatile oxidation products were re- 
turned to the beaker by means of a re 
flux condenser. Samples were inspected 
for change of color and for corrosion 
of the test strips every 24 hours, and 
small samples were withdrawn for the 
determination of the neutralization num- 
| ber and the interfacial tension against 
| distilled water, After 96 hours of opera- 
| tion any given sample was placed in 
one of three groups: (1) oils decreasing 
| less than 5 dynes per centimeter inter- 
| facial tension; (2) oils losing more than 
5 dynes but having greater than 15 
| dynes per centimeter interfacial tension; 
, (3) oils having less than 15 dynes per 
combustion have | centimeter interfacial tension. Duplicate 
been important con- | tests on the same oil resulted in identi- 
tributions to heat ap- | ca! corrosion records and gave oxida- 
tion stabilities that differed by not more 
than 10 percent. 














WV 


1743-1794 


Antoine Laurent La- 
voisier, while a nota- 
ble chemist, devoted 
considerable atten- 
tion to physical prob- 
lems of heat. Some of 
the earliest thermo- 
chemical research was 
credited to Lavoisier. 


Lavoisier's well-known 
experiments with 


plications. He made 

notable experiments | 
with oxygen, to which ‘. "a 
he gave that name. 


eee 


“Oiliness” and Surface 
Roughness, J. J. BrkERMAN, Jour. Soc 
Chem. Ind 62 (1943) pp. 41-2. 


An empirical relationship has recently 

| been found between the time required 
to separate two plates immersed in a 
lubricant and the force used for the 
* ° | separation. It was believed to be con- 
ioneeri ng physicists made sci- nected with the “oiliness” of the lubri- 
cant. The present note shows that this 

relation can be deduced from hydro- 
dynamical considerations and _ utilized 
for estimating the roughness of the con- 

| tact surfaces of the plates. The modern 
° . ° ° ° “ae tendency is to explain “oiliness” as 
tive engineering applied these discoveries | caused by molecular orientation, mole- 
cular interactions, etc. Since sliding 

: s rs friction is due to surface roughness, a 

to industrial usefulness. Alcorn, pioneer relation between the “oiliness” of a lu- 
bricant and its influence on the effective 
surface roughness may be expected. Al- 
in heating for petroleum processing, | though a. general proof of the exam 
© of this relation cannot be given as yet, 

it is possible to show in a particular 
example that when it is intended to 
| measure “oiliness” the experiments may 
| in fact give a measure of roughness. 





entific discoveries. Research and construc- 


places at your disposal 19 years’ contin- 


uous engineering research and successful Limitations of Viscosity Indes aie 


| C. VinEALL, Petroleum (London) 6 (1943) 


experience in providing efficient, eco- p. 41. 

The author contends that great dam- 
age has been done by the introduction 
nomical heaters for the diverse, ever- | of the viscosity index system to petro- 

| leum science. He feels that the adoption 

| of the viscosity index scale wit the 

; ; 4 | 100 maximum has caused a complacency 
changing demands of oil refining. with respect to the viscosity-tempeta 
ture characteristics of the existing oils 
and has given the impression that an 
oil with viscosity index of 100 is the 
optimum to be desired. Scientific effort 


that should have been devoted to e& 
1 planation of such qualities as_ film 
1 strength or the synthesis of more satis- 

factory lubricants has been sidetracked 


to the examination of small differences 


i C om b u st ole # ‘ohen| |@) an y in viscosity between members of the 





present lubricating oil family of very 





imperfect materials. The author com 
SCHAFF BUILDING, PHILADELPHIA siders that the perfect lubricant should p 
Los Angeles - Houston - San Francisco lose in viscosity on heating only 1 | 


such an extent as would compensate 
any reduction in clearances caused Dy 
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film HEAT EXCHANGERS, COOLERS and CONDENSERS 
anit — ALL TYPES FOR ALL PURPOSES — 


WE DESIGN, CONSTRUCT AND GUARANTEE TO MEET YOUR DUTY ie cc ca 
OR BUILD THEM ACCORDING TO YOUR SPECIFICATIONS 


J.?. DEVINE MANUFACTURING CO., INC. 


Home Office and Plant: Mt. Vernon, Ill. 
-TULSA- -CHICAGO- —DETROIT- 


July, 143.4 Gulf Publishing Company Publication 














MULTI-METAL'S 
ED 


INCREAS 
FABRICATION 
FACILITIES 


f 

/ 

2 
oe & The quality of our wire and filter cloth fabrica- 
Be co tion has been unexcelled for over 30 years, To- 

oFILT “afr ; ; owl, - 

© day this skill, machinery and ingenuity is turning 
we RS out precision materials from sheet metal for the 
LIGHS Ss RS U. S. Army, Navy and Maritime Commission. 
® This widening of our specialized field can be 
oy used on your type of work. Our reputation for 
AS? quality workmanship is your guarantee of a sat- 
WELDING: isfactory job. Send us your specifications. 








Flanging pans Welding Welding Filter Cloth Welding Pipe Line 
“Multileaves’’ askets Strainers 





WIRE CLOTH 
FILTER CLOTH 
ALL MESHES 


WIRE CLOTH COMPANY 


INCORPORATED 
1356 GARRISON AVE., BRONX BORO, N. Y 


ALL METALS 








INSULATING 
BLOCK... seen 








The M.W. 
iaprae . ; ail tateas 
KEL-BLOC High Temperature in- RECOMMENDED FOR 
sulating Brick is effective up to INSULATING: 
°o 
1600° F. PRESSURE VESSELS 
By specifying Kel-Bloc to cover the full tempera- HEAT EXCHANGERS 
ture range—the old fashioned method of using STEAM ACCUMULATORS 
two blocks—one low and one high temperature— BOILERS 
is eliminated. a 
Kel-Bloc is composed of high tempera- FURNACES 
ture, moisture-resistant, long fibre black Rock- OIL HEATERS 
wool, felted and bonded together to give uniform DRYERS 
density, Due to a special method of felting, all OVENS 
voids are eliminated and stratification is uniform. BREECHINGS 
Write for bulletin R-Kel-Bloc for detai!s Ducts 
of physical properties, stardard sizes, etc. 











| THE M. W. KELLOGG COMPANY 


Sales Office: 225 Broadway, New York, 7, N.Y. Plant: Jersey City, N. J. 
| Representatives in: Chicago, Ill. + Detroit, Mich. + Pittsburgh, Pa. 
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the heating of the lubricated surfaces, 
The best present oils fall far short 
in this respect. The difference in loss of 


viscosity between high viscosity index 


oils and low viscosity index oils jg 
relatively small when compared ito the 
total loss in viscosity of either oil be 
tween any two temperatures. The 
author feels that much of the recent 
work on viscosity and viscosity index 
measurement seems to be rather like 
taking surgical instruments to chop 
firewood. 


Viscosity Measurement and Viscosity 
Index, J. C. Cracc anp E. A. Evans, 
Jour. Inst. Petr. 29 (1943) pp. 99-123. 


The recent appearance of viscosity 
index in government specifications in 
Great Britain makes its estimation a 
matter of considerable importance to 
the industry. It becomes necessary, 
therefore, to see clearly how accurately 
viscosity can be determined, and what 
effect errors have on the calculated 
viscosity indéx. Numerical deviations in 
viscosity index created by errors in 
viscosity determination are presented in 
tabular and graphical form. From a 
study of the accuracy of the Redwood 
viscometer and the conversion of Red- 
wood seconds to kinematic units the 
author concludes that the Redwood 
viscometer does not give the requisite 
degree of accuracy for the calculation 
of viscosity index, except possibly for 
oils of relatively high viscosity. The 
specifications of the British standard 
U-tube viscometer are given, and an 
effort is made to summarize and assess 
the errors probable in its construction 
and use. Typical results secured in the 
use of the instrument are given, A 
table is given showing the viscosity de- 
terminations of the same oil by five 
different laboratories in principal coun- 
tries, A tabulation of viscosity determi- 
nation by four reputable laboratories in 
the U. S. A. while investigating the 
relationship between kinematic viscosity 
and Saybolt Furol viscosity for the 
A-S.T.M. is included. Calibration of 
viscometers is considered in some detail. 
Errors introduced by the result of the 
use of-secondary standards are dis- 
cussed, A bibliography of 17 references 
is included. 


An Improved Meter for the Measure- 
ment of Gas Flow Rates, W. G. APPLEBY 
AND W. H. Avery, Ind. & Eng. Chem, 
Anal. Ed. 15 (1943) pp. 349-50. 


An improved meter for the measure- 
ment of gas flow rates is described that 
does not require a separate calibration 
for each kind of gas as does an orifice 
meter, nor is it subject to the dis 
advantages of a wet displacement type 
meter. A drop of mercury is trapp 
in the flowing stream of gas, and the 
time required for the drop of mercury 
to move between two fixed points & 
measured. The instrument, with proper 
construction, can be used either under 
vacuum or under pressure. Typica 
calibration curves for hydrogen and for 
nitrogen are given. Details of construc 
tion of the meter are included. 


Fire Fighting 

Walter Kidde & Company, Belleville, jn 
Jersey, have issued an_ illustrated 16 - a 
manual “How to Teach Fire Fighting,” whit 
is designed to aid in instructing workers 
fire-extinguishing techniques. It describes nd 
classification of various types of fires, the ¥ 
of extinguisher best suited to each, and 
methods of setting up demonstrations in ore! 
to teach the proper use of each tyne of & 
tinguisher. 
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STEEL PLATE 


In one of the most modern steel fabrication plants in the coun- 
try, Graver is building steel plate equipment of all types—stills, 
towers, vacuum and pressure vessels, storagé tanks, welded 
machine parts, etc.—to meet the needs of hundreds of varied 


industries. 

With equipment for fabricating pressure vessels in accord- 
ance with API-ASME specifications, together with complete 
x-raying and stress relieving facilities, Graver offers a service 
that will comply with the most exacting requirements. 

Whatever your needs may be, send us your prints and spec: 
ifications. We'll quote immediately—and there’s no obligation. 


GRAVER TANK & MEG.CO.INC. 
4811-15 Tod Ave., East Chicago, Ind. 
NEW YORK «+ CATASAUQUA, PA, « CHICAGO «+ TULSA 


luly, 19'3A Gulf Publishing Company Publication 
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SMOOTH-ON No. 1 provides 

a quick and effective way to. 
seal a leaking screwed pipe con- 
nection ... without dismantling 
or the use of heat. Leaks at 
flanged joints, either at the pipe 
threads, bolt holes, or around the 
circumference, can also be sealed 


with SMOOTH-ON, 


MANY OTHER SMOOTH-ON REPAIRS 
SMOOTH-ON also seals cracks in 
casings of pumps, heaters, en- 
gines, condensers and other cast 
shells, stops leaks at seams and 
rivets, and tightens loose fixtures 
and parts of apparatus and struc- 
tures, 


SMOOTH-ON is a real necessity 
because of the difficulty of ob- 
taining new equipment and parts. 
Be sure to have a can handy to 
repair what you can’t replace. 


Buy SMOOTH-ON in 
7-o0z., 1-lb., or larger con- 
tainers from your supply 
house, or if mecessary 
from us. For your protec- 
tion, insist on SMOOTH- 
ON, used by engineers 
and repair men for over 


45 years. 


REPAIR HANDBOOK 
SHOWS HOW 


40 Pages, 170 diagrams, and 
simple concise instructions 
for practical repairs to 
plant equipment, pipe lines 
and structures, A necessity 
in every plant. Your copy 
sent FREE if you fill in 
and return the coupon. 














SMOOTH-ON MFG. CO., Dept. 11 
570 Communipaw Ave., Jersey City 4, N. J. 


Please send SMOOTH-ON HANDBOOK. 


Name 


—— 
SMOOTH-ON 
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Thad Smith, Jr., Houston 
Representative for Bridgeport 


Thad Smith, Jr., recently was ap- 
pointed Houston district manager for 
Bridgeport Brass : 

Company, Bridge- hy 
port, Connecticut, 
according to an 
announcement of 
Austin Zender, 
general sales di- 
rector of the com- 
pany. Smith will 
have his head- 
quarters at the 
company’s ware- 
house office at 
2216 Walker Ave- 
nue in Houston. 
He has been as- 
sociated with the copper and brass busi- 
ness in Texas for the past seven years. 





THAD SMITH, JR. 


P. R. Greenman Joins 
Ludiow Valve Company 


P. R. Greenman has joined Ludlow 
Valve Manufacturing Company as in- 
dustrial sales engi- 
neer in the Chicago 
territory. He is a 
mechanical engi- 
neer and designer 
of wide experience 
in power plant and 
oil refinery equip- 
ment. His early 
work, following 
graduation from the 
University of IIli- 
nois, was a design- 
er of valves, tools, 
fittings and special 
machinery for the 
Detroit Lubricator 
Company and the American Valve 
Company. Later connections were with 
Wright-Martin Aircraft Company as tool 
development engineer; as plant. engi- 
neer with the Power Specialty Com- 
pany of Danville, New York; and from 
1922 to 1934 as resident engineer with 
Foster Wheeler Corporation in Chicago. 
In January 1935 Greenman joined 
Favelle-LeVally Corporation as resident 
engineer in Chicago, returning in July, 
1937, to Foster Wheeler Corporation as 
Cincinnati district manager. He now is 
handling the industrial line of Ludlow 
Valve Manufacturing Company, work- 
ing out of the Chicago offices. 





P. R. GREENMAN 


Osterstrom Joins 
Velsicol Corporation 

R. C. Osterstrom who, for the past 
20 years has been connected with The 
Pure Oil Company, 
has become vice 
president in charge 
of manufacturing for 
Velsicol Corpora- 
tion, 120 East Pear- 
son Street, Chicago. 
He will divide his 
| time between Chi- 
cago and the Velsi- 
col plant at Mar- 
shall, Illinois. 

Osterstrom’s busi- 
ness career has al- 
ways been in con- 
nection with the R. C. OSTERSTROM 











petroleum 


industry. After 





‘* BUSINESS NOTES 


leaving 


school, he joined Gulf Refining Com. 
pany at Bayonne, New Jersey, and later 
at Port Arthur, Texas. During the first 
World War he served in the United 
States Navy. In 1919, he became affilj. 
ated with Sinclair Refining Company at 
East Chicago, Indiana, as assistant to 


the chief chemist. 


engineer for Graver 
Tank & Manufac- 
turing Company, 
East Chicago, Indi- 
ana. He will be in 
charge of all engi- 
neering and devel- 
opment covering all 
divisions of the 
company. Mr. Be- 
dell has had wide 
experience in con- 
struction of refinery 
equipment. His 
headquarters will 
be in Chicago. 


Dow Chemical Forms 
Development Division 
Dow Chemical 

organized a development division, one 


The 


of whose major pur- 
poses will be to 
study and further ap- 
plication of standard 
and new products to 
industry in the post- 
war world. D. K. 
Ballman, who has 
been in the Dow or- 
ganization for eight 
years, has been 
placed in charge of 
this new division, 
which will have 
headquarters at Mid- 
land, Michigan. 


The division will be staffed by 4 
group of experts, selected for their full 


In 1923 
The Pure Oil Company as chief chem. 
ist, subsequently becoming executive as- 
sistant to the vice president in charge 
of manufacturing. Recently, he was lo- 
cated in Toledo, Ohio, as manager of 
The Pure Oil Company Refinery there. 


Bedell Chief Engineer 
For Graver Company 
A. E. Bedell has been appointed chief 


he joined 
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A. E. BEDELL 











Company has 





D. K. BALLMAN 





technical knowledge of Dow products 
and specific industries. The company 
has long been doing this sort of work 
under separate divisions. Now its efforts 
will be coordinated under one head. 
“Dow Chemical Company has a high- 


ly diversified line of more than 


& 


chemicals which have proven to be it 
dispensable to industry both in peace 
and war,” Ballman said. “Also an im- 
mense number of new products have 
been synthesized, many of which will 
without question prove to have extreme- 
ly important applications. The wartime 
uses of the former are far from & 
hausted, and many of the latter have 


enormous potentialities 


. ’ 
for Americas 


all-out effort for victory. 
“The. new division, which will take 
the initiative in contacting the techmica 
men in other industries will seek to de- a 
velop a technical consulting service. W° 
will call the technicians’ attention ' 
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partment is available for informatior r McGowan PISTON PACKED 
installations and requiremeits. Hig VALVE PLATE PUMPS 
McGowan efficient and ruggedly! constructed — M 
PISTON PACKED ee oe Sees 


Vicks 24- aml Mee: lle Mn 24-1 amel Mm lilel 4am) A 4g 2 
VALVE PLATE PUMPS service conditions 58 Central Avenue 


e Cincinnati, ‘Ohio 


McGowan Pumps . Division of the LEYMAN MANUFACTURING CORP. 





Call on K&M... vo keep your Control 
~ Equipment at peak efficiency! 


Our entire manufacturing output has gone to war . . . but 
65 years of know-how is here to help you. If you have a 
pressure or fluid control problem—any kind of an instal- 
lation, operating or maintenance problem—call on K & M. 
Our new VALVE PROBLEMS CLINIC is a clearing house 
of information established to keep your machinery going. 
There is no charge for this service. You needn’t be using 
K & M equipment. But you have a job to do... and we 


want to help you do it, with specific, informative, resultful 
assistance, 


K & M LIQUID LEVEL CONTROL with Rotary Stem Valve—most- 
sensitive and responsive of direct-connected controllers for frac- 
tioning towers and other feed or drain regulation in open or closed 
vessels, “Pack-ezy” ball bearing stuffing box in both valve and float 
cage. Large open port area. Removable and renewable seat rings. 
Also available with exposed float, Valve sizes 14” to 6” of semi-steel. 
or cast steel, with trim of bronze, monel or stainless steel. 


Kieley & Mueller 


ENGINEERED PRESSURE & FLUID CONTROL SPECIALTIES 
NORTH BERGEN, NEW JERSEY 


Representatives in all Principal Cities 




















Liquidating 4 
Complete Refineries 


1. OLNEY REFINING CO. 
Olney, Texas 


2. LYNCH REFINING CO. 
Kilgore, Texas 


3. EVANSVILLE REFINING CO. 
Evansville, Indiana 


4. TITAN REFINING CO. 
Stark, Michigan 


Complete stocks refining equipment, 
valves, and fittings. Immediate deliv- 
ery from our Tulsa Warehouse. 


2tst STREET 


UNION AVE. AT 
TULSA, OKLA. 





WANTED: REFINERY OPERATORS who have 
had stillman or supervisory experience in 
modern oil refineries, Give refining back- 
ground and complete experience record. Lo- 
cation Houston, Texas. Send reply to: 
Box 707, Petroleum Refiner, Houston, Texas. 








Ingersoll-Rand air compressor 650 
C.F.M. and one A.C. 75 K.W. Generator 
set complete with switch board and 
exciter. 


356 West North Street, 
Indianapolis, Indiana 








FOR SALE—2 Belt Driven Worthington CO: 
Compressors, 1200 Ib., single three stage 
10” x 64" x 3” x 18, 172 Cu. Ft. Displace- 
ment at 110 r.p.m. Subject to prior sale. 


SIBONEY DISTILLING CORPORATION 
1021 North Penn Street 
Philadelphia, Penna. 








WANTED—Mechanical engineer between 30 and 
45 or man with suitable mechanical training 
equivalent as inspector for chemical plant equip- 
ment. Should be familiar with pressure vessels, 
pipe lines, pumps, storage tanks and similar 
equipment. Good opportunity for advancement. 
Rapidly expanding plant located in Detroit area 
manufacturing important war chemicals. Appli- 
cant must be qualified to accept responsibility. 
Also must qualify under WMCES. Write giving 
full details including education, work experience, 
references, and salary desired. Address replies to 
Box 606, c/o Petroleum Refiner, Houston, Texas. 
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| are? LL. 


| directors of 


present and possible uses of old and 
new products which may solve their 
wartime problems. If we find that we 
have no answer to a feasible proposi- 
tion, we will at once put our research 
laboratories to work on it.” 


Carrier Corporation 
Reallocates Sales Staff 

Carrier Corporation, Syracuse, New 
York, has made a reallocation of the 
duties of the personnel of its marketing 
division. Among the new assignments 
L. Lewis, technical adviser to 
the marketing division in air condition- 
ing; W. F. Jones, to a similar capacity 
in centrifugal refrigeration; O. W. 
3ynum transferred from the Southern 
region to manager of the marketing di- 
vision, which has been eliminated and 
its territory divided between the East- 
ern and Central regions. 

M. T. Firestone was named liaison 
representative of the Eastern region 
with headquarters at the home office 
and B. R. McCumber will hold similar 
duties for the Central region. J. A. 
Gazalle will become regional dealer 
manager at Chicago. 


Brown Instrument Company 


Has Two New Vice Presidents 
George M. Muschamp and Paul L. 


| Goldstrohm have been appointed vice 
| presidents of The Brown 


Instrument 
Company, a subsidiary of Minneapolis- 
Honeywell Regulator Company. 
Muschamp will be vice president in 
charge of engineering and Goldstrohm 


| will be vice president in charge of pro- 
| duction. Both posts are newly created. 


Muschamp, who is 34 years old, has 
been with the Brown engineering de- 
partment for 12 years and has been in 


| charge of engineering for the past 3 
| years. He directed the development of 


a number of Brown electronic devices, 
including the electronic potentiometer 
for controlling industrial temperatures 
and the Flight Recorder, which is be- 
ing widely used in testing war planes. 

Goldstrohm, who is 41, recently cele- 
brated his twentieth year with the com- 
pany. He has been serving for the past 
2 years as assistant general manager 
and formerly was the company’s pur- 


| chasing agent. 


Dresser Manufacturing Company 
Names Two New Officials 

Norman Chandler of Los Angeles has 
been made a member of the board of 
Dresser Manufacturing 
Company, and R. E. Reimer, Bradford, 
Pennsylvania, was named secretary and 
treasurer. 

Chandler is president and_ general 
manager of the Los Angeles Times. He 
is also a director of Pacific Pump 
Works, Huntington, California, one of 
Dresser’s subsidiaries. 

Reimer has been with the company 
since January, 1929, and has been treas- 
urer since May, 1932. 


Snetsinger to Direct 
Magnetrol Marketing 

E. J. Snetsinger has been appointed 
general manager of Magnetrol, a newly 
organized division of the Fred H. 
Schaub Engineering Company, Chi- 
cago, manufacturers and designers of 
condensate return and boiler feed equip- 
ment. This new division will assume 
complete control of the manufacture and 
sale of Magnetrol automatic liquid-level 
control units. 





Cochrane Announces 
New Distributors 


Cochrane Corporation, Philadelphia, 
announces appointment of the Metrol 
Company as flow meter representative 
for the Detroit territory. Metrol Com- 
pany is located at 2970 West Grand 
Boulevard, Detroit, and will also handle 
Hays combustion control and _ instru- 
ments, Reliance gauge columns and 
Wilson tube cleaners. 

The company also announces the ap- 
pointment of Bushnell Controls and 
Equipment Company, 117 West Ninth 
Street, Los Angeles, for the direct sale 
of flow meters in California, Western 
Nevada, and Arizona. 


Vapor Recovery Makes 
Changes in Sales Force 

Vapor Recovery Systems Company, 
Compton, California, announces the fol- 
lowing appointments as sales engineers: 

Clifford T. Stanhope is in charge of 
the Eastern office and warehouse at 30 
Church Street, New York. 

Frank M. Holloway, formerly eastern 











by using 
NON-SCORING 


Segmental 


“BAKORINGS” 


® As the plastic material of these rings is prac- 
tically self-lubricating, temporary loss of lubricant 
= not affect the life of the piston rings or the 
iners. 

™ Grit and scale become embedded in the piastic 
and do not scrape liner as with metal rings. 

© Basic material made by General Electric Co. 

® Proved by leading companies to give lower service 
cost per hour. 






QUICK DELIVERY . . . WRITE FOR 
FOLDER AND PRICES. 







-= * - ‘ 
EVER ENGI EERE Gd 
mee OR PP CO RAE SS 
1020 HOUSTON, AVENUE 

TEXAS 


HOUSTON, 








If you need dependable Turbine re- 
pairs in a hurry, call us. We are com- 
pletely equipped to repair and dy- 
namically balance turbine rotors and 
any High Speed rotating elements In 
our modern shops. . 

25 Years Successful Experience 
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IF YOU WANT TO CUT DOWN ON 
RE-PACKING...BETTER TRY SEA RINGS! 


It’s not packing—it’s RE-packing 
that’s really expensive .. . that’s why 
it pays in dollars and cents to use the best pack- 
ing money can buy. J-M Sea Rings are that 
kind of packing. 

They’re custom-made to fit specific operating 
conditions. Entirely automatic, they seal on the 
work stroke, release on the return, thus reduc- 
ing friction and wear on both packing and rod. 
During the past 25 years many engineers have 
accepted Sea Rings as the standard packing for 
reciprocating rods and plungers operating 
against steam, water, air, brine, oil, gasoline 
and many other fluids and chemicals. 

For details on J-M Sea Rings and the com- 
plete line of J-M Packings and Gaskets, write 
Johns-Manville, 22 E. 40th St., New York, N. Y. 


Me lle ANG 4 NCR CTW) 4a Bs 


THERE’S A DISTRIBUTOR NEAR YOU ; 


CAPTAIN 
PRODUCTS 


fe as 


INSULATIONS @ SPECIALTIES 


LIGHT IN WEIGHT ... EFFICIENT - ADAPTABLE TO SERVICE 


[ALAPOR MANUFACTURING CO. 


Oiticg: Hibernia Building, New Orleans, La. Factory: 5521 Clinton Drive, Houston, Texas 
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Easy Way to Clean 
Heat Exchangers 


When insulating deposits 
form on tubes .. . get rid 
of them QUICK! They 
may seriously impair oper- 
ating efficiency of condens- 
ers, coolers, steam genera- 
tors, reboilers, and other 
heat exchange equipment. 
Fast - working Oakite ma- 
terials EASILY remove 
them . . . helping to restore 
normal heat transfer .. . re- 
turning units to service in 
double-quick time. 


To remove scale and rust, 
treat system with solution 
of Oakite Compound No. 
32. For sludge, use solution 
of recommended Oakite de- 
greasing material. Insulat- 
ing deposits are effectively 
loosened and easily re- 
moved . . . without disas- 
sembly or excessive shut- 
down time. 


Complete Data FREE! 


Without obligation, send for 
full information on how Oakite 
materials speed maintenance 
work ... washing drums, strip- 
ping paint, salvaging equip- 
ment, etc. Write today! 


OAKITE PRODUCTS, INC. 
508 Thames Street, New York 


Technical Service Representatives Located in All 
Principal Cities of the United States and Canado 
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sales manager, will assume new duties 
as Southeastern sales manager with 
headquarters at New Orleans. 

John L. Shaunty has been appointed 
manager of Mid-Continent Sales, dis- 
tribution, and service. He will have 
complete charge of both Houston and 
Tulsa offices and warehouses. 


Correction of Error 
In Advertising Copy 


In the May, 1943, issue of PETROLEUM 
REFINER an advertisement of the Floridin 
Company was illustrated with a view of 
a solvent treating plant of Continental 
Oil Company, mistakenly labelled as a 
hydrofluoric acid alkylation unit. 

We and the advertiser are now in- 
formed that no such unit is included in 
this plant and the advertisement will 
not appear again until a correct illustra- 
tion is substituted. 


Sonken-Galamba Changes 
Name to Refinery Equipment 


W. C. Berry, president of the former 
Sonken-Galamba Supply Company, an- 
nounced recently that this company will 
be known as Refinery Equipment Inc. 
hereafter. Berry said this step has been 
taken so that the organization’s name 
may be more closely associated with 
the oil industry which it serves. 

Under the new name, this company 
will continue to buy and sell complete 
refineries and carry stocks of recondi- 
tioned refinery equipment. 

There will be no change in staff or 
officers. The company has headquarters 
at Tulsa, with branch offices at Kansas 
City, Kansas, and Kilgore, Texas. 


D. D. Wile Joins 
Carrier Corporation 


D. D. Wile has joined the engineering 
staff of Carrier Corporation, with head- 
quarters in New York. He has a broad 
background in the fields of engineering 
and manufacturing. After completing his 
engineering courses at the University of 
Kentucky, he joined American Radiator 
Company as research engineer. After 
several years he went with Detroit 
Lubricator Company where he held the 
position of chief engineer of the re- 
frigeration and air conditioning division. 
From 1937 until 1941, Mr. Wile was 
chief engineer of the refrigeration di- 
vision of the Savage Arms Company. 
For the past two years he has been 
general plant manager of the Kellogg 
Division of American Brake Shoe and 
Foundry Company. 


Quimby Pump Company 
Purchased by H. K. Porter 


Purchase of Quimby Pump Company, 
with plants at Newark and New Bruns- | 
wick, New Jersey, has been announced | 


by H. K. Porter Company, of Pitts- 
burgh. 

Quimby Pump Company manufac- 
tures a full line of pumps including 


screw, centrifugal and rotex types, and | 
| will be operated as a division of H. K. | 
: Porter Company. 


Retired Official of 
Petreco Concern Dies 


L. J. F. Morison, who, for twenty 
years, was an official of Petroleum 
Rectifying Company of California, died 
in Los Angeles in April. He had been 
affiliated with the oil industry since 
1910 except for a period during World 


Tue ow 
WINDJAMMERS 


The old “windjammers" were 
built to sail the heaviest seas 
that rolled. In fair weather or 
foul, with rare exceptions, they 
delivered their cargoes. If was 
sturdiness in build, skill in de- 
sign and quality of material 
that made them give such good service. 





It is in a like manner that Layne Pumps and 
Well Water Systems are constructed:—sturdy, 
efficient—long lasting—and above all, reliable. 
Some have been in service for a quarter cen- 
tury. Later installations were designed and 
built to last even longer. 


Such outstanding quality will make Layne 
Pumps and Well Water Systems first in choice 
for the post-war era. They will be chosen wher- 
ever large quantities of water must be pro 
duced at exceptionally low cost. Layne Pumps 
and Well Water Systems have been proven 
the world over—proven for basically sound 
quality, advanced engineering features, sturdi- 
ness in construction, unequaled efficiency and 
outstanding reliability. 


For the duration the Layne Organization is, 
in addition to doing much urgent war worl, 
endeavoring to keep present installations in 
repair and operating at top efficiency. If you 
wish literature, address, Layne & Bowler, Inc. 

General Offices, Memphis 8, Tennessee. 





| AFFILIATED COMPANIES: Layne-Arkansas Co. 

| Stuttgart, Ark. * Layne-Atlantic Co., Norfolk, 
Va. * Layne-Central Co., Memphis, Tenn. 

| Layne-Northern Co., Mishawaka, Ind. * Layne- 

| Louisiana Co., Lake Charles, La. * Louisiana 

Well Co., Monroe, La. * Layne-New York Co., 
New York City * Layne-Northwest Co., ea 

waukee, Wis. * Layne-Ohio Co., Columbus, Ohio 

* La ~ o., Houston, Texas * Layne 

Western Co., Kansas City, Mo. * Layne-Western 
Co. of Minnesota, Minneapolis, Minn. * raters 
tional Water Supply Ltd., London, Ontario, Canada. 

| 

} 

| 

| 

| 


LAYNE 


WELL WATER SYSTEMS 
DEEP WELL PUMPS 


Builders of Well Water er 
for every Municipal and Industrial N 
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100% automatic. 


2 No pumps, valves, or auxil- 
jary units needed to read them. 


3 Models available so that readings 
can be taken remotely from or 
directly at the tank. 


4 Accuracy unaffected by specific 
gravity of tank liquid. 


f R 5 5 Approved for gauging hazardous 
liquids by Underwriters’ Labora- 
tories and other similar groups. 
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LIQUIDOMETER 
i in de THE \ CORP. 
materials — 
service. 39-14 SKILLMAN AVE., LONG ISLAND CITY, N.Y. 
mps and 
—sturdy, 
reliable. 
rter cen- 
ned and 
“if you'll send us the shells!” 

eo Layne T 
nie IT YOU ti S€nd US The SNetis: 
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be pro- 
¥ =. Our boys will bring down the enemy planes 
ly sound ° ° e ° ° 
sar | i with their ack-ack fire, if we will give them 
sncy and nsure Trouble-Free 

a the guns and the shells. So, let’s all stay on 
en ervice because ... 
es - ; the job every day to keep the equipment, 
ations it - Heating medium goes up to, pe ss 
y. If you but not through, the flanges, ammunition and supplies 
Her, \nta on both pipe and fittings. : ; 
,e. 2. Jackets go to flanges on both pipe and rolling off the production 

fittings, thus eliminating cold spots. ; ‘ 

+ co. 3. Drain plugs for any mounting position line. And let’s lend every dollar 
me of fittings insure proper circulation 
isla and drainage of condensate if steam we can spare for War Bonds. 
., Mil- used, 
5, Ohio . . . 
fazer. 4. Valves are of plug cock type with spe- We can win—we will win! 
ntera cial provisions for maintaining proper 


tension on the plug—without binding. 
Tue Gartock Packinc Company, Patmyra, New York 
Manufacturers of GARLOCK Packings, 
Gaskets and KLOZURE Oil Seals 


5. Pipe has heavy steel flanges, welded to 
both process pipe and jacket. 


Write for complete information. 





Tulsa, Okla. Houston, Texas Los Angeles, Calif. 





HETHERINGTON & BERNER INC, 
735 Kentucky Avenue 
Indianapolis, Indiana 
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YAR WAY 
STRAINERS 


, [ines 
: "A the Pipe 
Police 


YARWAY STRAINERS are sell- 
ing by the thousands because they 
are better engineered for the 
service. 


“The Screen is the Thing”—a 
high-grade, woven Monel wire 
screen that stops the dirt, lets 
fluids flow freely. 


Then too, purchasers like the body 
finish—Cadmium plating inside 
and out for protection against 
corrosion. 





And last but not least, it is “Easy 
to Clean” having a steel blow-off 
bushing, precision machined with 
straight thread. Screen and bush- 
ing come out together—go back 
together, automatically aligning. 


Six sizes, 4%" to 2" for pressures 


up to 600 lb serve practicaily all 
strainer needs. 


Sold by over 100 Mill Supply 
Houses. See your Supply House 
or write for Bulletin S-200. 





YARNALL-WARING COMPANY 
128 Mermaid Ave. PHILADELPHIA 
ERE SRT ARRAS RE 
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War I when he served in a government 
position with the grain administration. 
In 1920 he joined Petreco as assistant 
secretary and was elected secretary the 
following year. and retired in 1940 be- 
cause of poor health. Morison was sec- 
retary-treasurer and a director of Petro- 
lite Corporation, Ltd. 


York Is Advertising 
Manager of Clark Bros. 


John L. York has been named adver- 
tising manager of Clark Bros. Company, 
Olean, New York, where he will have 
headquarters. 


Explosion Prevention 
In Handling Butadiene 


Methods of preventing explosions in 
butane-air mixtures is the subject of 
Report of Investigations 3691, “The 
Prevention of Butadiene-Air Explosions 
by the Addition of Nitrogen and Car- 
bon Dioxide.” The report was made 
following experiments at the Pittsburgh 
laboratory of United States Bureau of 
Mines by G. W. Jones and R. E. 
Kennedy. It is another in the series of 
investigations on methods of avoiding 
loss of life and property and was made 
because of the use of butadiene in the 
synthetic-rubber industry. 

It contains tables to show how much 


| nitrogen and carbon dioxide must be 


added to make varying mixtures of 
butadiene and air non-explosive. 
nitrogen is used at least 19.6 volumes 
must be added to each volume of buta- 
diene in order to render all mixtures 


non-inflammable with air. Only 12.1 vol- 


| umes of carbon dioxide are necessary 


under similar conditions. 

A copy of the report 
through the United States 
Mines, Washington. 


available 
Bureau of 


1S 


| MERIT AWARDS 


} 


| 
| 


Awards of merit have been made by 
the government to the following firms: 

The Union Boiler and Manufacturing 
Company, Lebanon, 
Army-Navy E for high achievement in 
war production. 

De Laval Steam Turbine Company, 
Trenton, New Jersey, second renewal 


If 


Pennsylvania, | 








Save Their Cost 





in a Few Months... 


Deliver Liquids in 
Precisely - Controlled Volume 


They perform, dependably, with little or 
no operating attention . . . save labor and 
maintenance costs. They deliver liquids 
in precisely-controlled volume, down to 
one pint or less per hour . . . prevent 
waste, often of very expensive materials. 
They are rugged, compact, with high vol- 
| umetric efficiency . . . available in . corro- 
| sion-resistant metals for practically all 
| chemical processing applications. 


Use Milton Roy Pumps for handling 


e TREATING CHEMICALS 
| @ INTERMEDIATES 
DISTILLATES 

| e TARS AND ASPHALTS 

e PROPANE AND BUTANE 


of right to fly the Navy E flag with two | 


white stars, as a symbol of excellence | 


in production. 

Foster Wheeler Corporation’s 
teret, New Jersey, plant, fifth renewal 
of right to fly the Army-Navy E with 
two stars. The Dansville, New York, 
works has received two awards, making 
a total of five. 

American Locomotive Company, La- 
trobe Plant, New York, Army-Navy E 
for high excellence in production of war 
materials. 


Alloy Steel Products Company, Lin- | 
for | 


den, New Jersey, Army-Navy E, 
excellence in production of war equip- 
ment. 

Wm. Powell Company, Cincinnati, 
Ohio, Army-Navy E for outstanding 
achievement in production of war ma- 
terials and equipment. 

Security Engineering Company, 
Whittier, California, addition of the 
gold star to the Maritime M Pennant, 
for continued meritorious production of 
vital war material. 





Car- | 


and other refinery purposes, including hy- 
drostatic testing and high pressure cataly- 
sis, at pressures up to 20,000 psi. 


The Step-Valve is an exclusive feature, 
basic in all Milton Roy Pumps. It is non- 
clogging, self-cleaning . . . handles solids 
in suspension, acid sludge, etc., as efi- 
ciently as light fractions. It has no pockets 
in which air-bubbles can form . .. aif 
binding is impossible. Wire-drawing 1s 
eliminated. Valves may be jacketed for 
temperature control. 


Send for Catalog and Bulletins . . 


. with 


descriptions of the Step-Valve, the Milton 
Roy mechanisms for precise stroke adjust: 
ment and other features. 


Wire or phone if we can help in 
your war effort. 


MILTON frou PUMPS 





1383 £. MERMAID AVE., CHESTNUT HILL, PHILA, PA 
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